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Introduc�on 

Proposed Project   

The Floodplains Reimagined Project being led by RD 108 seeks to advance floodplain reac�va�on in a 
77,507-hectare project area that includes the Bute Sink, Colusa Drain, and Suter Bypass to benefit 
anadromous fish, wildlife, and people. Project objec�ves include enhancing floodplain func�onal 
connec�vity for fish and birds while respec�ng exis�ng land uses, local communi�es, and culture. The 
project area contains approximately 23,000 hectares of managed wetlands, or 27% of the managed 
wetlands that remain in the Central Valley (Reid et al. 2018), and more than 50,000 hectares of rice 
agriculture. Most of these wetlands are privately-owned and managed for waterfowl habitat and 
hun�ng. Addi�onally, many rice fields are flooded in winter and provide waterfowl hun�ng 
opportuni�es. A poten�al outcome of floodplain reac�va�on in this area is addi�onal deep flooding 
during the waterfowl hun�ng season, which would reduce access and hun�ng opportuni�es while also 
possibly impac�ng wetland management in the spring. To determine how deep flooding impacts 
recrea�onal hun�ng and wetland management between October and March under baseline condi�ons, 
we used data produced by CBEC’s hydrodynamic models to examine flood depth, frequency, area, and 
dura�on for five water years (2003, 2011, 2013, 2015, 2019; see Hydrodynamic Modeling Memorandum, 
Appendix 5). This evalua�on of current condi�ons provides a benchmark that will aid in the assessment 
of how future voluntary measures to increase flooding depth, frequency, area, and dura�on will impact 
recrea�onal hun�ng and wetland management.    

Importance of Project Area to Waterfowl 

Nearly 90% of California’s historic seasonal and floodplain wetlands within the Central Valley have been 
lost due to agricultural conversion, development, and flood control efforts (Mitsch and Gosselink 2007; 
Frayer et al. 1989; Hanak et al. 2011). The loss of these wetlands has nega�vely impacted wetland 
dependent species and led to popula�on declines in waterfowl and na�ve freshwater and pelagic fish 
species (Mount 1995; Reid and Heitmeyer 1995; Sommer et al. 2007). Reduc�ons in wintering waterfowl 
numbers – from 50 million historically to 6 million currently – mo�vated ac�ons to protect wetlands in 
California star�ng in 1908 with the establishment of the Lower Klamath Na�onal Wildlife Refuge (Reid 
and Heitmeyer 1995). The Sacramento Valley is one of the most important wintering areas for migratory 
waterfowl, suppor�ng approximately 30% of all ducks in the Pacific Flyway, and the majority of geese in 
the Central Valley (CJVJ 2020, Fleskes et al. 2018). The con�nued abundance of waterfowl within the 
project area is due in large part to the long history of both public and private waterfowl hun�ng areas, 
which provide and maintain key wetland habitats required by non-breeding waterfowl.  

Importance of Hunting and Wetland Management in Wetland Conservation  



Hunters played a significant role in early wildlife conserva�on efforts, from rallying poli�cal 
support to create wildlife protec�on laws, to acquiring land to create or restore wetlands to benefit 
waterfowl (Gilmer et al. 1982; Kramer and Helvie 1983; Geist et al. 2001). Private groups currently own 
and maintain approximately 66% of the Central Valley’s 83,000 hectares of seasonal wetlands, most of 
which are used as duck clubs (Gilmer et al. 1982, Reid et al. 2018) and are permanently protected 
through wetland conserva�on easements. In addi�on to these private areas, many publicly owned 
wetlands were acquired specifically to provide wintering habitat for waterfowl and other migratory birds 
and alternate foraging habitat to reduce crop damage from these birds and are managed by State or 
Federal agencies to primarily support waterfowl (Gilmer et al. 1982; Kramer and Helvie 1983). These 
public lands also provide waterfowl hun�ng opportuni�es, including seven areas that are staffed by state 
of federal employees. These seven areas provided an average of approximately 27,000 hunter days 
(averaged across 2020-2023) during each waterfowl season. 

Sustainability has been important to hunters in North America for over 120 years, as hunters 
want to ensure future genera�ons have the same opportunity to build strong emo�onal connec�ons 
with wildlife and their habitats (Sanger 1897). Concerns for future genera�ons were a major mo�vator 
for hun�ng and naturalist organiza�ons to campaign for the closure of legal markets for wildlife products 
that were driving wildlife popula�on declines, culmina�ng with the passing of highly impac�ul legisla�on 
such as the Lacy Act in 1900, and the Migratory Bird Treaty Act in 1918 (Dorsey 1998; Geist et al. 2001; 
Anderson and Padding 2015). Hunters con�nue to play a key role in ensuring wildlife popula�ons are 
well managed by providing data to scien�fic monitoring programs (Geist 1995; Geist et al. 2001; Organ et 
al. 2012). Hunters provide wildlife researchers and managers with informa�on such as band recoveries 
and harvest reports which are used to inform demographic models and es�mate wildlife popula�on sizes 
to ensure hun�ng mortali�es do not result in popula�on declines (Ra�ovich et al. 2023).  

Self-imposed tax and fee ini�a�ves developed by hunters con�nue to generate funds for wetland 
conserva�on and waterfowl management across North America. The Migratory Bird Hun�ng Stamp Act 
of 1934 requires hunters to purchase a federally issued stamp to legally hunt waterfowl. The revenue 
generated from the sales of these stamps is used to acquire and protect waterfowl habitat. To date, the 
stamp act has generated more than 1 billion dollars and preserved over 2.4 million hectares of waterfowl 
habitat. The state of California passed their own duck stamp law in 1971, which has raised over 20 
million dollars to enhance wetlands and fund research. The Pitman-Roberston Act – passed in 1937 –
placed an 11 percent excise tax on firearms, ammuni�on, and archery equipment, which has generated 
more than 12 billion dollars for state fish and wildlife agencies to use on habitat management. Hunters 
are the only group that has contributed this level of financial support to habitat conserva�on. 

Efforts to manage wintering waterfowl at the local level are accomplished through wetland 
management ac�vi�es. Waterfowl concentrate in seasonal wetlands, which are shallowly (typically less 
than 12 inches deep) flooded from fall to early spring, where food resources are abundant (Fredrickson 
and Taylor 1982). Management prac�ces manipulate the �ming and depth of water, as well as providing 
mechanical disturbance, to improve condi�ons for the produc�on of annual plant seeds and 
invertebrates that waterfowl favor (Fredrickson and Taylor 1982; Euliss and Harris 1987; Baldassarre and 
Bolen 2006).  Wetland management is expensive and �me-intensive, which adds to the background costs 
associated with maintaining water control structures and other infrastructure to ensure proper wetland 
func�on. Private land managers typically shoulder these annual costs due to the benefits they provide 
waterfowl, although these management ac�ons also benefit other wetland dependent wildlife species, 



including listed species such as the giant garter snake (Thamnophis gigas), and greater sandhill crane 
(Antigone canadensis) (Gilmer et al. 1982; Gildo et al. 2002; DiGaudio et al. 2015).  

Flooding rice fields in winter benefits growers by reducing organic mater, primarily rice straw, 
which must be removed before the next crop can be planted (Bird et al. 2000). Waterfowl, par�cularly 
dabbling ducks, are atracted to these flooded fields which have favorable water depths and contain 
waste grain and invertebrates that waterfowl forage on (Elphick and Oring 1998; Petrie et al. 2016; 
Mathews et al. 2022). Dry rice fields are beneficial to geese and provide an es�mated 95 percent of 
food resources available to wintering geese in the Central Valley (CVJV 2020). Benefits flow both ways, as 
waterfowl foraging ac�vi�es in flooded fields increase the breakdown of rice straw (Bird et al. 2000). Rice 
growers also receive financial compensa�on from hunters by providing access to these flooded rice fields 
during the waterfowl hun�ng season. Many hunters and rice growers have formed long-term 
rela�onships through these agreements, resul�ng in a tradi�on of waterfowl hun�ng in rice fields in the 
Sacramento Valley. 

Because of the importance of waterfowl hun�ng to wetland conserva�on, and the project’s 
objec�ve to respect exis�ng land uses and culture, it is cri�cal to consider the poten�al impacts of 
floodplain reac�va�on on waterfowl hun�ng and wetland management. There were several efforts 
underway prior to the Floodplains Reimagined project that set the stage for our analysis.  Before 
Floodplains Reimagined became an actual project, discussions were had between water managers and 
conserva�on prac��oners regarding the importance of integra�ng the needs of managed wetlands, 
wetland owners, and waterfowl hunters in any floodplain reac�va�on scenarios being contemplated. 
Similarly, the larger Floodplain Forward Coali�on came together to build momentum to advance 
floodplain reac�va�on in the Sacramento River Basin.  The Coali�on developed a por�olio of 
approximately 30 early implementa�on projects to improve habitat condi�ons for fish, birds, and other 
wildlife. That por�olio includes a proposed project developed by DU �tled “Integra�ng the Needs of 
Managed Wetlands and Wetland Owners in Floodplain Reac�va�on”. In an�cipa�on of a landscape-scale 
floodplain reac�va�on planning effort eventually being ini�ated, DU tried to secure funding for that 
proposed project from the Central Valley Joint Venture twice before the Floodplains Reimagined project 
was ini�ated and was unsuccessful both �mes. To ensure that the poten�al impacts to waterfowl 
hun�ng and wetland management resul�ng from floodplain reac�va�on efforts are sufficiently 
understood an evalua�on of current, or baseline condi�ons, is required. This baseline assessment will 
allow for us to beter understand how poten�al reac�va�on scenarios may impact waterfowl hun�ng 
and wetland management.  

Methods 

To respect current land uses and the cultural and conserva�on importance of waterfowl hun�ng within 
the project area, we conducted outreach to wetland managers and hunters to develop criteria which can 
be used to assess how these factors might be impacted by changes in flood depth, frequency, area, and 
dura�on. We used the results from a large-scale hydrodynamic model that simulated the depth, 
frequency, area, and dura�on of water within the project area for five baseline years (Appendix 5). The 
five baseline years (2003, 2011, 2013, 2015, 2019) capture a range of water year types, ranging from 
cri�cally dry to wet, allowing for the natural varia�on on condi�ons to be represented (Appendix 5). 
Combined with these data on flooding, we used the criteria we iden�fied, combined with evalua�ons of 
biological data to formulate an equa�on that can be used to assign an impact score on waterfowl 



hun�ng and wetland management during flood events which occur between fall and early spring under 
baseline condi�ons. The scores produced by the equa�on capture the direct impacts of flooding on a 
range of important factors for waterfowl hun�ng, while a separate score for wetland management 
describes the impacts of modifying the hydrological cycle in the period following hun�ng season (i.e., 
a�er mid-February) as this is the desired �me to draw down wetlands to begin the spring growth cycle 
for desirable wetland plans that produce seed for waterfowl in the fall.  

Criteria Identification 

We iden�fied four primary criteria – bird use, landowner/hunter access, infrastructure maintenance, and 
wetland management for waterfowl food produc�on – to be used to determine how flood events 
between fall and early spring impact hun�ng and wetland management ac�vi�es. Each of these criteria 
are influenced by water depth, flood �ming, and flood dura�on. Water depth is correlated with 
waterfowl use, and dabbling ducks favor shallowly flooded wetlands (Ta� et al. 2002; Baldassarre and 
Bolen 2006; Baschuk et al. 2011). Managed wetlands and winter flooded rice fields are designed to 
maintain a specific water depth that corresponds to peak waterfowl use. Dabbling ducks are unable to 
forage effec�vely in deeper water (beyond 12 inches), resul�ng in lower abundance of dabbling ducks in 
deeper wetlands (Colwell and Ta� 2000; Baschuk et al. 2011). This project considered water depths of 
less than 12 inches suitable for waterfowl foraging (See Bird Habitat Suitability Criteria Technical 
Memorandum, Appendix 10). Similarly, increased water depth reduces the ability of hunters to access 
hun�ng areas and hun�ng and water management infrastructure. If water depth exceeds these target 
water depths, blinds, walking paths, and club houses can become inaccessible, or unusable by hunters. 
Wetland infrastructure, such as water control structures, levees, and pumps, can be damaged if flood 
waters are deep. Indirect impacts from flooding also impact hun�ng ac�vi�es, as equipment within 
managed wetlands and winter flooded rice fields o�en needs to be removed or relocated to avoid 
damage or destruc�on given an impending flood event. Similarly, there are post-flood impacts, as 
waterfowl do not immediately return to areas once favorable water depths (less than 12 inches) return. 
The extent of these direct and indirect impacts primarily depends on the depth and dura�on of flooding.  

We used depth mul�pliers (for hun�ng and wetland management) that increased in magnitude with 
increasing depth, to capture the greater impact caused by deeper water. The specific depth 
classifica�ons and their assigned impact categories (Table 1) were developed during outreach events, 
and landowner working groups. The structural design of managed wetlands and rice fields, regarding 
levee height and water control structures, were the main factors that lead to the different depth classes 
in both winter-flooded rice and managed wetlands. These depth classes were then presented to and 
accepted by both the project advisory commitee and steering commitee.  

 

 

 

 

 



Table 1. Overall impacts for each habitat type (winter flooded rice, and managed wetlands) based on 
flood depth. A total of four impact classes (c) were defined, each with a unique mul�plier (ω) based on 
the severity of impacts on recrea�onal hun�ng and wetland management ac�ons following waterfowl 
hun�ng season. *Loss of foraging habitat is captured with bioenerge�c models (see Waterfowl 
Bioenerge�cs Technical Memorandum, Appendix 7) during this period. 

Impact Category 
Depth Depth Multiplier(ω) 

Hunting 
(Oct.1 – Feb.11) 

Depth Multiplier(ω) 
Management 

(Feb.12 – Mar.31) Winter Flooded Rice Managed Wetlands 

No impact < 12" < 12" 0 0 

Bird use declines 12"-14" 12"-22" 1.5   0* 

Access reduced 14"-20" 22"-28" 2.5 2.5 

Infrastructure damage >20" >28" 5.0 5.0 

 

 

 

Figure 1. Each day, between Oct. 1 – Mar. 31 was assigned a value (weighted hunt impact or wetland 
management impact). Waterfowl hun�ng season (shaded blue) occurs from Oct. 21 – Feb. 11, and the 
weighted hunt impact value during this �me was based on waterfowl numbers, hunter success trends, 
and cultural importance. The wetland management period (shaded yellow) of considera�on occurs from 
Feb. 12 – Mar. 31 and the weighted management impact value during this �me was based managers 
accessing wetlands and achieve their target drawdown date.  

Impact Equa�on Development 

We developed an equa�on that u�lizes data describing total flooded depth, frequency, area, and 
dura�on to assign a numerical score to a given period (Eq.1). Larger scores are given to flooding events 



that have a larger impact on recrea�onal hun�ng and wetland management ac�ons. Scores assigned to 
recrea�onal hun�ng impacts and wetland management impacts were derived using the same equa�on, 
but those impacts are assessed during different �me periods. We calculated waterfowl hun�ng impacts 
for all managed wetlands and rice fields due to the poten�al for all these areas to be hunted and the 
difficulty in iden�fying specific individual fields that are hunted.  We did not account for spa�al varia�on 
in where waterfowl hun�ng occurs both within a single hun�ng season, and across years. The rela�ve 
value of each day during waterfowl season depends on waterfowl numbers, hunter success, and cultural 
importance. Tradi�onally, highly valued hun�ng days include opening weekend, extending over the 
following weekend, and the last three weeks of December and all of January. To capture this varia�on in 
hun�ng value, we used a weighted day approach in our calcula�on (Fig. 1). The exact calendar dates of 
the waterfowl hun�ng season can change between years and future changes in the regulatory structure 
of waterfowl season may occur, requiring the specific dates that this equa�on is applied in future years 
to be adjusted to account for these changes. Wetland management impacts were considered to occur 
following the end of hun�ng season through the start of desired drawdown, or when managers target 
draining seasonal wetlands to begin the next growing cycle. The weighted day approach also includes a 
fixed value for the days following the waterfowl hun�ng season to capture the impacts of deep flooding 
prior to drawdown. We chose a drawdown date of March 31 in this evalua�on of baseline years as it is a 
commonly referenced date for desired drawdown in the wetland management literature (Smith et al. 
1993). We excluded rice fields in our wetland management impacts a�er waterfowl hun�ng season 
ended, as impacts to agricultural prac�ces are being evaluated through a separate process (See 
Agricultural Suitability Technical Memorandum Appendix 13). 

Three inputs were used to calculate scores: (1) the daily total number of hectares flooded at 
each specific depth class for each habitat type (managed wetlands, and flooded rice), produced by a 
CBEC hydrological model, (2) a depth mul�plier specific to the hun�ng and post hun�ng (wetland 
management) periods (Table 1), and (3) the rela�ve hun�ng value of each day (Fig. 1). To produce the 
score assigned to flooding over the hun�ng period, the number of hectares flooded during each day, at 
each depth class, were mul�plied by the corresponding hun�ng-specific depth mul�plier and by the 
rela�ve hun�ng value of that specific day. (Eq. 1). The resul�ng daily scores for each depth class, on each 
day during the hun�ng impact period (Oct. 1 – Feb. 11 in our example) were then summed. Summed day 
scores were then summed across the en�re �me period, (Oct. 1 – Feb. 11 for hun�ng impacts, Feb. 12 – 
Mar. 31 for wetland management impacts) to produce an annual score. We then standardized the annual 
score by dividing by a fixed value (the area being evaluated, in hectares, �mes three to match the 
number of depth classes) to scale the score and improve interpretability. We assigned a zero-value depth 
mul�plier (Table 1) to bird use for wetland management calcula�ons, as bird use is a primary concern 
during the hun�ng season. Moreover, any impacts to waterfowl caused by a loss of foraging habitat 
resul�ng from deep flooding would be captured in the waterfowl bioenerge�c and waterfowl habitat 
suitability criteria analyses (see Habitat Suitability Criteria and Waterfowl Bioenerge�cs Technical 
Memoranda Appendices 7 and 10).  

 

 

 



Equa�on 1: Daily impact scores are calculated by summing the products of the total number of hectares 
flooded within each class,  
Ac = Number of hectares flooded at each class (c) 

ωc = Class (c) specific mul�plier 

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = �𝐴𝐴𝑐𝑐 ∗ 𝑑𝑑𝑑𝑑𝑑𝑑 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 ∗  𝜔𝜔𝑐𝑐

4

𝑐𝑐=1

 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =
∑𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 ∗ 3
 

 

We conducted a sensi�vity analysis to determine how modifying day weights, depth category 
mul�pliers, and the structure of the equa�on influenced impact scores. We examined a range of day 
values, from 0.5 to 24, to determine if these changes resulted in beter capturing flood impacts on high 
value days. We found that increasing the difference between low value days and high value days 
produced a minimal change in overall impact scores, primarily due to standardizing summed scores. 
Similarly, we tested depth class weights from 1.5 to 12 and found only minor changes once scores were 
standardized. We also examined how using exponen�al and logarithmic rela�onships between depth 
and area influenced impact scores but determined that a simplis�c mul�plica�ve approach was effec�ve 
at capturing poten�al impacts of flood events. 

Results 

We applied the impact equa�on to data CBEC produced from a hydraulic model that tracked flood depth, 
�ming, and dura�on for each of the three subareas of the project area (i.e., Bute Sink, Colusa Drain, and 
Suter Bypass) during baseline years (2003, 2011, 2013, 2015, 2019; see Appendix 5 and 13). The 
equa�on produced a penalty score such that years which experienced increased water depths for longer 
periods during hun�ng season received larger scores. Scores produced for flooding events that impacted 
flooded rice and managed wetlands were similar, however flooded rice scores were consistently lower, 
except in Suter Bypass during 2011. These lower scores in rice fields correspond with a faster return 
�me to target water depths, as managed wetlands saw water depths return to pre-flood levels more 
slowly (Table 2, Fig. 2-6). Wetland management scores were significantly lower than hun�ng scores due 
to number of days included in the calcula�on of these two scores, 133 days for hun�ng versus 48 days 
for management, and a lower day value being applied during the management period. 

The largest impact to hun�ng in both habitats for all three subareas occurred in 2003, as flood 
events occurred over a large area during days with peak waterfowl hun�ng value (Fig. 2, Fig. 7). Unlike 
the Bute Sink and Suter Bypass subareas, which saw three dis�nct peaks in managed wetland flooding 
in 2003, the Colusa Drain subarea included 2,500 hectares that con�nued to be impacted by flooding 
without much atenua�on un�l late January. Flooding during 2011 produced the lowest hun�ng impact 
score (for both rice and managed wetlands) in the Bute Sink and Colusa Drain subareas (Fig. 7). The low 
impact on hun�ng during 2011 was largely due to limited flooding extent, and the areas that did flood 
saw minor increases in water depth which remained primarily in the bird use impacts depth class. Suter 

Eq. 1 



Bypass experienced the smallest hun�ng impact score in 2011, however rice saw significant flooding. 
The lowest hun�ng impact score for winter flooded rice in Suter Bypass subarea occurred in 2019. 
Despite mul�ple flooding events occurring in 2019, most of the impacts occurred a�er waterfowl 
hun�ng season.  

We observed subarea-specific flooding characteris�cs. The Suter Bypass subarea appeared to 
have the fastest return to target water depths, indicated by a rapid decline in flooded hectares following 
a flood event. Flooded rice and managed wetlands saw the slowest return to target water levels in the 
Colusa Drain subarea, denoted by a slow decline in flooded area (Fig. 2-8). Suter Bypass also 
experienced a much higher propor�on of the total area that flooded, o�en at the deepest depth class. In 
nearly every year Suter Bypass experienced at least one day during which the en�re managed wetland 
and managed rice area was inundated at the maintenance impact depth class. The high propor�on of 
the total area falling within at least one impact class resulted in high standardized hun�ng impact scores 
(> 80).  

 Wetland management impact scores were only calculated for managed wetlands. Flooding on 
rice fields that could impact rice growing opera�ons in the spring were calculated through a separate 
analysis (see Appendix 13). The smallest wetland management impact score occurred in 2013, where 
virtually no hectares fell into any of the three impact categories in the three subareas. The largest impact 
score for wetland management occurred in 2019, where all subareas experienced a significant por�on of 
managed wetlands flooded deeper than 28 inches throughout late February and March.  

Conclusions and future considera�ons 

The scores produced by the impact equa�on can be used to compare how different flooding events 
impact hun�ng and wetland management quickly and accurately. Flooding events that occur under 
baseline condi�ons can impact waterfowl hun�ng and wetland management ac�vi�es within the project 
area. We observed that hun�ng and wetland management impacts were similar across subareas within 
the same water-year, however some subarea specific trends were apparent. Flood events impacted a 
large propor�on of Suter Bypass, likely due to the smaller size of the subarea and its loca�on within the 
bypass. As a result, nearly the total area of rice fields within the Suter Bypass subarea experienced 
maintenance impacts during each water-year. Despite the extensive flooding that occurred in this 
subarea, the area also returned to target water depths more rapidly than the other subareas. Overall, we 
found that flooding events that occur under baseline condi�ons can occasionally generate large impacts 
to both waterfowl hun�ng and wetland management ac�vi�es.  

We cau�on that scores cannot be directly compared across subareas to determine which 
subarea experienced the largest flooding impacts, as the acreages of the subareas were summed in the 
calcula�on and impact scores were standardized.  Wetland management impact scores should only be 
compared to other wetland management impact scores, not hun�ng impact scores. A major benefit of 
these unitless scores is how they effec�vely capture how varia�ons in water depth and flood �ming and 
dura�on can impact waterfowl hun�ng ac�vi�es and wetland management ac�ons. The structure of the 
equa�on and inclusion of depth and day value mul�pliers allow for future modifica�ons to improve the 
applicability of this approach for scenario planning. We also chose to not include the impacts that 
flooding may have on dry field hun�ng, or the late goose season, since these hun�ng ac�vi�es comprise 
only a small por�on of the total hunter days within the project area.  



 The accuracy of our es�mated impact scores depends on the accuracy of the hydraulic models 
used to derive data on flooding depth, frequency, area, and dura�on. We did not include a spa�al 
component to our es�mates of hun�ng impacts and wetland management impacts as the specific 
loca�ons of hun�ng ac�vi�es o�en change over �me. Similarly, we assumed a target drawdown date of 
March 31 in our es�mates of wetland management impacts. The precise drawdown targets of managed 
wetlands can vary from year to year based on the amount of precipita�on received in the winter and 
spring, expected water alloca�ons for the summer growing season, and plant species targeted. 
Therefore, the impact equa�ons provide general es�mates of impacts caused by flooding, which can be 
applied to any water year or future flooding scenario.  

 Current wetland management efforts within the project area allow the region to con�nue to 
support goal level popula�ons of ducks and geese under baseline condi�ons. Increased deep flooding 
that could occur under various floodplain reac�va�on scenarios is likely to result in increased costs 
associated with wetland management and infrastructure maintenance and private landowners may 
choose or be forced to forego wetland management ac�vi�es. The loss of the private investment in 
wetland management is likely to have a major impact on the total number of waterfowl the project area 
can support over winter. Declines in waterfowl use within the region associated with deeper flooding is 
likely to reduce hun�ng interest in the area. The combina�on of high wetland management costs and 
poor hun�ng opportuni�es may result in the loss of wetland acres on private lands. The poten�al 
feedback loop of wetland quality degrada�on, loss of hun�ng opportunity, and decline in wetland areas 
would nega�vely impact a variety of wetland dependent species, in addi�on to waterfowl, that are 
currently supported within the project area.  

 Many private wetland owners aim to maximize the benefits their wetlands provide to waterfowl 
which in turn improves hun�ng opportuni�es. These efforts have been supported by research examining 
the effects of management strategies on the produc�on of waterfowl foods, and results have been 
dis�lled into management guidebooks and made available to interested wetland managers (Rollins 1981, 
Fredrickson and Taylor 1982, Smith et al. 1993). Wetland managers typically combine general 
management guidelines with the system and condi�ons their wetlands encounter to build localized best 
management prac�ces. This process has generated wetland managers with a wealth of knowledge on 
wetland management within the context of the area they work in. It will be cri�cal to incorporate this 
local knowledge in any poten�al floodplain reac�va�on scenarios to provide mul�-species benefits in 
wetland systems.  

 

 

 

 

 

 

 

 



References 

Anderson, M.G., and Padding, P.I. (2015). The North American approach to waterfowl management: 
synergy of hun�ng and habitat conserva�on. Interna�onal Journal of Environmental Studies, 72(5), 810–
829. htps://doi.org/10.1080/00207233.2015.1019296 

Baldassarre, G.A. and Bolen, E.G. (2006). Waterfowl Ecology and Management. 2nd edi�on. Krieger 
Publishing Company, Malabar, FL, USA. 576 pp 

Baschuk, M.S., Koper, N., Wrubleski, D.A., & Goldsborough, G. (2012). Effects of Water Depth, Cover and 
Food Resources on Habitat use of Marsh Birds and Waterfowl in Boreal Wetlands of Manitoba, Canada. 
Waterbirds, 35(1), 44–55. htps://doi.org/10.1675/063.035.0105 

Bird J.A., Petygrove G.S., Eadie J.M. (2000). The impact of foraging on the decomposi�on of rice straw: 
mutual benefits for rice growers and waterfowl. Journal of Applied Ecology 37:728–741. 

Colwell, M. A., & Ta�, O. W. (2000). Water Depth predicts species use. Waterbirds, 23(1), 45–55. 

[CVJV] Central Valley Joint Venture. (2020). Central Valley Joint Venture 2020 implementa�on plan: 
Sacramento, California: U.S. Fish and Wildlife Service. 

DiGaudio R, Krei�nger K, Hickey C, Seavy N, Gardali T. 2015. Private lands habitat programs benefit 
California's na�ve birds. California Agriculture. 69(4):210-220. 

Dorsey, K. (1998). The Dawn of conserva�on diplomacy. University of Washington Press, Seatle, 
Washington, USA. 

Elphick, C. S., & Oring, L. W. (1998). Winter management of Californian rice fields for waterbirds. Journal 
of Applied Ecology, 35, 95–108. 

Euliss, N.H., and Harris, S.W. (1987). Feeding ecology of Northern Pintails and Green-winged Teal 
wintering in California. Journal of Wildlife Management 51: 724–732 

Fleskes, J. P., Casazza, M. L., Overton, C. T., Matchet, E. L., & Yee, J. L. (2018). Changes in the abundance 
and distribu�on of waterfowl wintering in the Central Valley of California, 1973–2000. In Trends and 
tradi�ons: Avifaunal change in western North America (pp. 50–74). Western Field Ornithologists. 
htps://doi.org/10.21199/swb3.2 

Frayer, W. E., Peters, D. D., & Pywell, R. H. (1989). Wetlands of the California Central Valley: Status and 
Trends 1939 to mid 1980’s. U.S. Fish and Wildlife Service. 

Fredrickson, L.H. and Taylor, T.S. (1982). Management of seasonally flooded impoundments for wildlife. 
United States Department of the Interior, Fish and Wildlife Service Resource Publica�on 148. 
Washington, District of Columbia. 29 pgs. 

Geist, V. (1995). North American policies of wildlife conserva�on. Pages 75–129 in V. Geist and I. 
McTaggert-Cowan, editors. Wildlife conserva�on policy. Detselig Enterprises, Limited, Calgary, Alberta, 
Canada. 



Geist, V., Mahoney, S.P., and Organ, J.F. (2001). Why hun�ng has defined the North American model of 
wildlife conserva�on. Transac�ons of the North American Wildlife and Natural Resources Conference 
66:175–185. 

Gildo, T. M., Mcleod, S., Mcknight, K., Moorman, T., & Reid, F. A. (2002). Wetland Conserva�on and Ducks 
Unlimited: Real World Approaches to Mul�species. The Interna�onal Journal of Waterbird Biology, 25, 
115–121. htps://about.jstor.org/terms 

Gilmer, D.S., Miller, M.R., Bauer, R.D., & LeDonne, J.R. (1982). California’s Central Valley Wintering 
Waterfowl: Concerns and Challenges. htps://digitalcommons.unl.edu/usfwspubs/41 

Hanak, E., Lund, J., Dinar, A., Gray, B., Howit, R., Mount, J., Moyle, P., and Thompson, B. (2011). 
Managing California’s water: from conflict to reconcilia�on. Public Policy Ins�tute of California. 

Kramer, G. W., & Helvie, J. (1983). A Federal Wetland Preserva�on Program for California. California-
Nevada Wildlife Transac�ons, 121–125. 

Mathews, L.J., Petrie, M., & Eadie, J.M. (2022). Impacts of Changing Postharvest Agricultural Prac�ces 
on Abundance of Waste Grain in California’s Central Valley. Journal of Fish and Wildlife Management, 
13(2), 32–333. htps://doi.org/10.3996/JFWM-21-061 

Mitsch, W.J. and Gosselink, J.G. (2007).  Wetlands. Fourth Edi�on. John Wiley & Sons, Inc., Hoboken, 
New Jersey. 582 pgs. 

Mount, J.F. (1995). California Rivers and Streams: The Conflict Between Fluvial Process and Land Use. 
Berkeley: University of California Press. 

Organ, J.F., Geist, V., Mahoney, S.P., Williams, P., Krausman, P.R., Batcheller, G.R., Decker, T.A., Carmichael, 
R.  Nanjappa, P., Regan, R., Medellin, R.A., Cantu, McCabe, R.E., Craven, S., Vecellio, G.M., and Decker, 
D.J. (2012). The North American model of wildlife conserva�on. The Wildlife Society Technical Review 
12-04. The Wildlife Society, Bethesda, Maryland, USA. 

Petrie, M. J., Fleskes, J.P., Wolder, M.A., Isola, C.R., Yarris, G.S., & Skalos, D.A. (2016). Poten�al effects of 
drought on carrying capacity for wintering waterfowl in the central valley of California. Journal of Fish 
and Wildlife Management, 7(2), 408–422. htps://doi.org/10.3996/082015-JFWM-082 

Ra�ovich, R.V., Fleming, K.K, Chandler, S.C., and Cain, C.M. (2023). Migratory Bird Hun�ng Ac�vity and 
Harvest during the 2021–22 and 2022–23 Hun�ng Seasons. U.S. Fish and Wildlife Service, Laurel, 
Maryland, USA. 

Reid, F.A., and Heitmeyer, M.E. (1995). Waterfowl and rice in California’s Central Valley. California 
Agriculture, 49, pgs. 62 

Reid, F. A., Fehringer, D., Spell, R., Petrik, K., & Petrie, M. (2018). Wetlands of California’s Central Valley 
(USA). In The Wetland Book II: Distribu�on, Descrip�on, and Conserva�on (Vol. 1, pp. 697–703). Springer 
Nature. htps://doi.org/10.1007/978-94-007-4001-3_119 

Sanger, W.C. (1897). The Adirondack deer law. Pages 264-278 in G.B. Grinnell and T.R. Roosevelt, editors. 
Trail and camp fire: The book of the Boone and Crocket Club. Harper, New York, New York, USA. 

https://digitalcommons.unl.edu/usfwspubs/41
https://doi.org/10.3996/JFWM-21-061


Sommer, T., Armor, C., Baxter, R., Breuer, R., Brown, L., Chotkowski, M., Culberson, S., Feyrer, F., Gingras, 
G., Herbold, B., Kimmerer, W., Mueller-Solger, A., Nobriga, M., Souza, K. (2007). The collapse of pelagic 
fishes in the upper San Francisco Estuary Fisheries. 32: 270–277. 

Smith, W. D., Rollins, G. L., & Shinn, R. (1993). A guide to wetland habitat management in Central Valley. 
California Department of Fish and Game, 1–34. 

Ta�, O.W., Colwell, M.A., Isola, C.R., Safran, R.J. (2002). Waterbird responses to experimental drawdown: 
implica�ons for the mul�species management of wetland mosaics. In Journal of Applied Ecology (Vol. 
39). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 



 

 

 

 

 

Summary table of hun�ng impact scores and wetland management impact scores for all years examined. 



 

 


