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EXECUTIVE SUMMARY

The goal of most ecological restoration projects is to restore the ecosystem to the pre-disturbed
state in terms of ecological integrity, structure, function and composition (Hobbs and Norton
1996). While many restoration projects evaluate the structural ecosystem components, few
evaluate the ecosystem function and wildlife composition recovery. Invertebrates can quickly
respond to ecological changes and provide essential functions within an ecosystem such as
decomposition, energy transfer and pollination (Recher et al. 1993, Andersen and Sparling
1997). Butterflies, in particular, are amenable to research, because many larvae have specific
host plants, while as adults they are nectar generalists. They quickly respond re-colonize areas,
and therefore occupy a broad range of ecological niches. These broad life history traits make
butterflies good ecological indicators of herbaceous community health (Scoble 1992), other
herbivorous arthropods (Brown 1991, Scoble 1992, Beccaloni and Gaston 1995) and even other
taxonomic groups (Wilcox et al. 1986). The avifaunal community, like butterflies, has shown to
quickly re-colonize areas that have experienced changes in habitat quality, particularly when
habitats are restored (Passell 2000, Gardali et al. 2006). The relatively rapid positive response to
habitat restoration and specific habitat requirements for many avifaunal species makes this group
ideal for evaluating ecosystem health and function. Migratory and residential avifaunal
communities have declined on the lower Colorado River due to loss of habitat and invasion of
exotic saltcedar (Anderson and Ohmart 1984, Hunter et al. 1988). Few studies have looked at the
recovery of avifaunal communities (Fred Phillips Consulting 2009). Recovery of the avifaunal
community is an essential metric to evaluate restoration project success.

The Yuma East Wetlands (YEW) on the Lower Colorado River is bound on the north and south
by Colorado River levees; on the west by the Ocean-to-Ocean Bridge; and on the east by the
Gila—Colorado River confluence. This area covers approximately 909 acres in Yuma County,
Arizona. The project area has been extensively modified by almost a century of flow control
activities, channelization, agricultural manipulation, timber harvesting, non-native species
invasion, and unregulated dumping. As a result, the YEW was dominated by monotypic stands
of exotic saltcedar (Tamarix pentandra and ramosissima) and common reed (Phragmites sp.).
The remaining native wetland habitat was threatened by sedimentation, lack of water, and
invasive plants. In an effort to revitalize the natural ecosystem in this area, the Yuma East
Wetlands Restoration Plan (YEWP) (Phillips Consulting 2001) was designed to restore and
enhance over 900 acres of native riparian, wetland, and aquatic habitats on the lower Colorado
River immediately upstream from Yuma, Arizona. Currently, there are over 350 acres of restored
aquatic, wetland, and riparian habitats in the YEW, with over half approaching maturity (restored
5-7 years ago). The hypothesis of this project is that avifaunal and butterfly richness and
abundance will be different in restored riparian and wetland habitats than control habitats
dominated by invasive species.

The results from this study indicated that both bird and butterfly species preferred restored
riparian and wetland habitats to control riparian and wetland habitats. A higher richness and
density of resident birds was detected using the restored riparian habitats than the control riparian
habitats, however the results were not statistically significant. No correlations were detected
between resident or migratory riparian bird richness or abundance and environmental
characteristics. Bird richness and abundance was significantly higher in restored wetland habitats



as compared to the control wetland habitats, with yellow-headed blackbirds being the most
common species detected. Eight endangered Yuma clapper rail were detected in the restored
wetland habitats, which was higher than previous years. Butterfly species richness and
abundance was significantly higher in the restored riparian habitats as compared to the control
riparian habitats, which was likely due to the diversity of flowering plants detected in restored
habitats. Butterfly species richness was correlated with flowering plant richness and abundance,
vegetation species diversity and percent herbaceous cover. This indicates that in order to attract a
variety of butterfly species, a diversity of flowering herbaceous vegetation should be planted at
restoration sites.



1.0 INTRODUCTION

The goal of most ecological restoration projects is to restore the ecosystem to the pre-disturbed
state in terms of ecological integrity, structure, function and composition (Hobbs and Norton
1996). While many restoration projects evaluate structural ecosystem components few evaluate
ecosystem function and wildlife composition recovery. Invertebrates can quickly respond to
ecological changes and provide essential functions within an ecosystem such as decomposition,
energy transfer and pollination (Recher et al. 1993, Andersen and Sparling 1997). Despite the
important functions invertebrates provide within an ecosystem, few restoration projects monitor
the recovery of invertebrates (Holl 1996, Andersen and Sparling 1997, Majer 1997, Davies et al.
1999, Waltz and Covington 2004). Butterflies, in particular, are amenable to research, because
many larvae have specific host plants, as adults they are nectar generalists, they quickly respond
re-colonize areas, and therefore occupy a broad range of ecological niches. These broad life
history traits make butterflies good ecological indicators of herbaceous community health
(Scoble 1992), other herbivorous arthropods (Brown 1991, Scoble 1992, Beccaloni and Gaston
1995) and even other taxonomic groups (Wilcox et al. 1986).

The avifaunal community, like butterflies, has shown to quickly re-colonize areas that have
experienced changes in habitat quality, particularly when habitats are restored (Passell 2000,
Gardali et al. 2006). Also, many avifaunal species are reliant on specific habitats for foraging and
nesting. The relatively rapid positive response to habitat restoration and specific habitat
requirements for many avifaunal species makes this group ideal for evaluating ecosystem health
and function. Migratory and residential avifaunal communities have declined on the lower
Colorado River due to loss of habitat and invasion of exotic Tamarix spp. (Anderson and Ohmart
1984, Hunter et al. 1988). Habitat restoration on the lower Colorado River has been conducted
primarily to recover endangered avifaunal species, including the southwestern willow flycatcher
and Yuma clapper rail, however few studies have looked at the recovery of avifaunal
communities (Fred Phillips Consulting 2009). Recovery of the avifaunal community is an
essential metric to evaluate restoration project success.

The Yuma East Wetlands (YEW) on the Lower Colorado River is bounded on the north and
south by Colorado River levees; on the west by the Ocean-to-Ocean Bridge; and on the east by
the Gila—Colorado River confluence. This area covers approximately 909 acres in Sections 19,
21, 22, 23, and 24, Township 8 South, Range 22 and 23 West, of the Gila Salt River Base and
Meridian, in Yuma County, Arizona. The project area has been extensively modified by almost a
century of flow control activities, channelization, agricultural manipulation, timber harvesting,
non-native species invasion, and unregulated dumping. As a result, the YEW was dominated by
monotypic stands of exotic saltcedar (Tamarix pentandra and ramosissima) and common reed
(Phragmites sp.); and the remaining native wetland habitat was threatened by sedimentation, lack
of water, and invasive plants. In an effort to revitalize the natural ecosystem in this area, the
Yuma East Wetlands Restoration Plan (YEWP) (Phillips Consulting 2001) was designed to
restore and enhance over 900 acres of native riparian, wetland, and aquatic habitats on the lower
Colorado River immediately upstream from Yuma, Arizona. Currently, there are over 350 acres
of restored aquatic, wetland, and riparian habitats in the YEW, with over half approaching
maturity (restored 5-7 years ago). The specific goals of this project was to 1) to compare
avifaunal and butterfly community richness and abundance in restored versus control wetland
and riparian habitats in the Yuma East Wetlands on the lower Colorado River, and 2) to build on
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previous research and provide more detailed information of the breeding avifaunal species and
migrating and resident butterfly species present at the YEW. The objectives of the project
included: 1) to compare richness and abundance of avifauna and butterflies in restored versus
exotic vegetation-dominated (control) riparian and wetland habitats; 2) compare restored versus
control riparian and wetland habitat quality, nesting habitat and nectar availability; 3) involve the
local community in surveying techniques for interpretation and educational purposes; and 4)
develop performance standards to optimize wetland and riparian restoration efforts on the lower
Colorado River.

2.0 METHODS

2.1 Bird Surveys
2.1.1 Riparian Birds

Riparian birds were surveyed using a modified intensive area search method following the
protocol outlined by the “Nevada Bird Count: Intensive Area Searches and Spot-Mapping (Great
Basin Bird Observatory 2010)” and the “Arizona Riparian Bird Surveys Field Manual for Rapid
Surveys (Bart et al. 2010).” Intensive area searches in riparian areas provide unbiased density
estimates and bird use of a particular habitat or area, which can also be used to correct data
collected by rapid area searches or point counts (Bart and Earnst 2002). The goal of the area
searches was to determine the number of breeding territories/pairs for each species within the
plot and to identify habitat uses of migrating species. If sufficient evidence was available after all
the surveys area were completed territories of each individual bird/pair was delineated. Birds that
were detected in the plot three times or had observed nesting evidence were considered resident
birds.

Ten plots were systematically located in mature riparian habitats (Appendix A and B). Five plots
were dominated by native species (primarily cottonwood and willow) and five plots were
dominated by invasive species (primarily tamarisk). Plots ranged in size from 2-7 acres (1-3 ha)
to include several breeding territories of land birds. Area searches were conducted during the
time period of the highest breeding activity for most riparian birds: early April- June. Six riparian
bird surveys were conducted over four days. Surveys were initiated 0.5 hours before sunrise, at
day break, and were finished by 1030 hr. Also, since species detections decline in inclement
weather conditions, surveys were not conducted when wind speeds exceeded 12 miles per hour
(mph) and under heavy rainfall. Area search field datasheets are located in Appendix C and non-
breeder datasheets are located in Appendix D.

Conducting Area Searches

Initial surveys were conducted to identify the number of breeding pairs for each species within a
plot. The subsequent visits helped add new individuals/territories, confirmed previously
identified territories and detected early and late breeders. The entire plot was surveyed for birds,
with an effort to pass within 20m of every point. More time was spent in areas of high bird
activity.



Breeding Status

For each detection the breeding status of the individual or pair was determined and the highest
level of breeding evidence that was detected was recorded. The highest level of breeding activity
included occupied nests with eggs or young. Migrating species using the plots were also
recorded. Birds that were observed in the plot and using the plot as part of their breeding
territory, but were not nesting in the plot had their entire territory delineated both inside and
outside the plot boundary.

Recording Locations on the Map

For each sighting location, the number of individuals in the group was recorded on an aerial
photo, including sex (if possible). For each individual, either the best evidence of nesting was
recorded or an individual was marked as incidental (migrating). Priority was given to nesting
status (i.e. carrying nest material or food to nest, eggs, nestlings, dependent young). Species
territories were identified over subsequent visits (Appendix E).

2.1.2 Marsh Bird Surveys

Marsh bird surveys were conducted three times over the typical marsh bird breeding season,
March 15- May 31, in 8 restored wetland and 8 control wetland areas for a total of 16 sites.
Points were located 200m apart in order to prevent double counting. A combination of methods
was used to detect nesting activities of birds that breed in wetlands, which included 1) the
National Marsh Bird Monitoring Program protocol developed by USFWS to monitor marsh birds
(Conway 2005), and 2) variable circular plots to detect other nesting birds. Surveys consisted of
visiting each site 0.5hr before sunrise and were finished by 1030 to capture the most active time
period for marsh birds. The National Marsh Bird Monitoring Protocol consists of playing a
recording at each site consisting of 5 minutes of silence followed by 30 seconds each of
recordings of California Black Rail, Least Bittern, Virginia Rail, and Yuma Clapper Rail, each of
which were followed by 30 seconds of silence. Marsh bird survey datasheets are located in
Appendix F.

Along with the marsh bird survey protocol, variable circular plots were utilized to record other
species detected nesting and migrating in the wetland habitats. The variable circular plot surveys
were conducted at the same time within the same locations as the marsh bird surveys. Birds were
measured in 10m increment bands around the center of the plot up to 100m for a total of 5
minutes (Reynolds et al. 1980). The behavior of each detected species was recorded, including
singing, calling, nest building, foraging, etc. Only the avifaunal species actively utilizing the
habitat were counted. It was more difficult determining what individuals were residents of marsh
habitats, therefore birds that were seen over multiple visits during the breeding season were
considered residents as well as if breeding activities were detected. Variable circular plot
datasheets are located in Appendix G.

2.2  Butterfly Sampling

2.2.1 Field Collection Techniques

Butterflies were sampled four times during May, June, July and September 2011 in riparian
habitats. Five transects were established in each of the control and restored riparian habitats for a



total of 10 transects. These transects coincided with the avifaunal plots discussed above. The
length of the transect varied, depending on the size of the habitat being monitored. Diurnal
butterflies are very sensitive to cool and windy conditions, which reduces chance of observation
(Waltz and Covington 2004). Therefore, butterflies were sampled between 0700 and 1400 hrs, on
days warmer than 17°C with winds less than 10 mph (Pollard 1977).

Butterfly species encountered along the transect were identified during timed searches. One
minute per every 20m along a transect was spent searching for butterflies. This time did not
include the time in pursuit of a butterfly. Butterfly species encountered on each transect were
recorded, with the location along the transect (in meters) and the lateral distance from the
transect (perpendicular to the transect) (Waltz and Covington 2004). Multiple individuals of one
species detected in the same location conducting the same activity were counted and the number
of individuals were recorded on the datasheet. If a butterfly could not be identified by sight, the
individual was captured with a sweep net, identified in the field, and released. In addition to the
observation, behavior was recorded for the butterfly, including basking, flying, nectaring, etc. If
a butterfly was nectaring, the plant species was identified. Butterfly field datasheets are located
in Appendix H.

2.3  Habitat and Nectar Resource Sampling
2.3.1 Habitat and Butterfly Host Plan Sampling

Riparian habitat characteristics and butterfly host plant frequency and abundance were measured
during July, after riparian avifaunal surveys were completed, and wetland habitats were surveyed
in September. Butterfly host plant frequency and abundance was evaluated for the most common
butterfly species. Habitat characteristics were evaluated within the areas established to survey
avifauna and along the transects established to survey butterfly species.

Thirty randomly selected points were used to measure vegetation characteristics and species
composition within the riparian habitats and 20 points were established in the wetland habitats.
Since more (16) wetland areas were monitored for marsh birds, 20 points per area provided a
total of 320 vegetation sampling points as compared to a total of 200 vegetation points for
riparian areas. A GPS coordinate was collected at each point. Care was taken so that individual
vegetation survey areas did not overlap. Riparian habitat and host plant datasheets are located in
Appendix I, and wetland habitat datasheets are located in Appendix J.

Total vegetation volume (TVV) measures the number of 10 cm radius cylinders above a given
point that have woody vegetation in them and has been a useful measure of habitat quality for
breeding birds (Mills et al 1991). Efforts were made to encompass all vegetation types present at
the sampling area by foregoing randomness to capture the overall picture. TVV was measured
for herbaceous and woody vegetation. TVV was measured at each randomly selected location by
extending an 8 meter pole vertically through the vegetation. All vegetation touching the pole and
within 0.1 meter radius was recorded for each decimeter section (Rotenberry 1985, Mills et al.
1991). The cover class of the vegetation was also identified as herb (<0.5 m), shrub (woody
stems, 0- 4 m), medium canopy (4- 6 m) and tall canopy (>6 m).

Total vegetation volume was calculated for each sampling location as h/10p; where h=the total
number of hits summed over all sections at all points measured, and p= the number of points at
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which vegetation volumes were measured (Mills et al. 1991). Foliar diversity (FHD) was also
calculated using this method. The FHD will be calculated for meter long sections using the
standard Shannon-Weiner index H’= -y pilnpi, where pi= the proportion of total vegetation hits
found in the i™ meter layer.

After TVV was measured, a three meter radius circle for riparian areas and two meter radius
circle for wetland areas was measured around each point and species cover was estimated using a
modified Daubenmire scale (Table 1). Cover was estimated for each of the following vegetation
strata classes, including: herb (<0.5 m), shrub (woody stems, 0- 4 m), medium canopy (4- 6 m)
and tall canopy (>6 m). This was conducted by extending a 2 or 3 meter long string from the
measuring pole location and walking in a circle around the center point with the string extended.
Percent cover was estimated for each species present within the plot. This was conducted by
looking over the plot area and estimating how much of the area was covered by a species’
growth or how much of the ground was shaded by that species.

Cover Class Range of Cover Class Midpoints (%) Class Name
1 0-1% 0.5 Rare
2 1-5% 25 Occasional
3 5 -25% 15 Uncommon
4 25 -50% 37.5 Somewhat common
5 50 -75% 62.5 Common
6 75- 95% 85 Abundant
7 95- 100% 97.5 Dominant

Table 1: The Daubenmire Cover Scale

Other variables that were recorded in the plots included distance to water and temperature (°C).
The distance to water was measured by extending a metric tape, or if the water was visible from
the point the rangefinder was used to determine distance, to the nearest surface water source.
Also, photographs were taken of the typical vegetation occurring at a sampling site. At a
minimum a photograph was taken within the site and at a vantage point that overlooked the site.
Photographs were representative of all vegetation communities or densities existing at a site
(Appendices K and L).

Host plant frequency for butterflies was assessed for all the species detected at the project area.
The frequency of host plants was compared between riparian restored and control sites.

2.3.2 Nectar Resources and Blooms

Abundance of nectar plants and blooms have shown to directly affect butterfly distribution
(Steffan-Dewenter and Tscharntke 1997). In order to estimate the availability of nectar plants
and blooms for butterflies, 3m diameter plots were established every 10m along the transect. A
random number table was used to select whether the plot was placed to the right (even) or left
(odd) and the next two numbers determined how many paces to walk in that direction to establish
the plot. At each plot the plants with blooming flowers were tallied by species and the number of
inflorescence counted within the 3m plot. These data were collected after each butterfly survey
was completed (May, June, July and September) for a total of 4 times during the survey season.
The nectar resource data was compared between the two habitat types, including restored versus
control riparian. Nectar resource field datasheets are located in Appendix M.



3.0 RESULTS

3.1 Presentation and Publication Activities

The results of this project discussed below were presented at the 2012 Colorado River Terrestrial
and Riparian (CRTR) Meeting on January 25, 2012 in Laughlin, NV. The presentation was titled
“Bird and Butterfly Recovery at the Yuma East Wetlands,” and is provided in Appendix N. This
is a regional meeting focusing on all biological monitoring activities and research on the Lower
Colorado River hosted by the Multi-Species Conservation Program (MSCP) at the Bureau of
Reclamation. A copy of the agenda for this meeting is included in Appendix O. Due to the time
constraints of this project an article for publication in a professional journal was initiated but not
completed.

3.2 Bird Surveys
3.2.1 Riparian Birds

A total of 72 species were detected at both restored and control riparian and wetland sites. A total
of 46 species were detected in the restored riparian sites, 15 were resident birds and 31 were
migrating birds. In the control riparian sites a total of 38 birds were detected, including 9 resident
birds and 29 migrating birds. Birds were considered residents if there were detected in the habitat
during three surveys or if there were detected nests. There were 15 species unique to the restored
habitats, including one resident species, Bell's vireo, and 14 migrating species, including
American goldfinch, black-headed grosbeak, Hermit thrush, hooded oriole, lesser goldfinch,
Lucy's warbler, MacGillivray’s warbler, Nashville warbler, Ruby-crowned kinglet, Townsend’s
warbler, Western tanager, Western Wood Peewee, white-crowned sparrow, and yellow warbler.
Four migratory species were unique to the control sites, including: hermit warbler, house wren,
Northern harrier, great-horned owl and sharp-shinned hawk. While not detected during the
survey period, these species have been incidentally observed using the restored riparian sites.

Riparian Bird Multi-Response Permutation Procedure (MRPP) Analysis

Spatial ordination of resident riparian bird assemblages by nonmetric multidimensional scaling
(NMS) show a slight distinction between restored and control riparian habitats (Figure 1).
Despite the perceived spatial difference between habitats, the Multi-Response Permutation
Procedure (MRPP) analysis supported the hypothesis that no difference existed between restored
and control resident bird communities: T-statistic= -0.1545 p=0.389. The A (Agreement)
statistic was provided in the MRPP analysis as a descriptor of within group similarity, A=1 when
all items within a group are identical. The A=0.004, which we interpret that the bird assemblages
within restored units had low similarity, which is likely the cause of the lack of difference
detected between restored versus control sites.



Figure 1. Non-metric multidimensional scaling ordination of resident riparian bird assemblages in restored
and control habitats, n=5 per habitat, for 2011 at the Yuma East Wetlands. No significant difference was
detected between restored versus control riparian sites (MRPP test, T=-0.1545, p= 0.389, A=0.004).

Spatial ordination of migrating riparian bird assemblages by nonmetric multidimensional scaling
(NMS) show a distinction between restored and control riparian habitats (Figure 2). The MRPP
analysis supported the hypothesis that a difference existed between restored and control
migrating avian communities: T-statistic= -1.596, p= 0.043. A-statistic values less than 0.1 are
common in community data. However, the value of A=0.069 is fairly low which indicates that
the bird assemblages within each group had low similarity. The NMS graph shows high
similarity between migrating birds at control riparian sites however migrating birds in restored
riparian sites have low similarity within group and distances are more spread out (Figure 2).

Figure 2. Non-metric multidimensional scaling ordination of migratory riparian bird assemblages in
restored and control habitats, n=5 per habitat, for 2011 at the Yuma East Wetlands. A significant spacial
separation from restored versus control riparian sites was observed based on avifaunal density (MRPP test,
T=-1.596, p= 0.043, A=0.069).

Riparian Bird Density

The restored riparian habitats had a four-fold higher total resident bird density than the control
riparian habitats, however the non-parametric Mann-Whitney test indicated that there was no
significant difference in density between restored (Mean rank= 6.8, N=5) and control sites (Mean
rank= 4.2, N=5) (Mann-Whitney U (MWU)= 0.175, p=0.175, Figure 3, Table 2). Migrating bird
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densities were 1.3 times higher in control (Mean rank= 59.59, N=5) versus restored riparian
habitats (Mean rank= 49.41, N=5) (MWU=1183, p=0.088, Figure 4). Restored riparian habitats
showed to have significantly higher resident birds than control riparian habitats for a two-tailed
distribution, a= 0.10 (Figure 4). The higher density of migrants detected in the control habitats
was likely due to the high number of mourning doves detected in the control sites (Table 3).

Figure 3. Riparian Birds- Total resident bird density (#/hectare) in restored versus control riparian habitats
in the Yuma East Wetlands (MWU= 0.175, p=0.175) for 2011.

Figure 4. Riparian Birds- Total migratory bird density (#/hectare) in restored versus control riparian
habitats in the Yuma East Wetlands (MWU=1183, p=0.088) for 2011.



Total Number Detected Density (#/hectare)
Genus species Common Name Rgstored C_ontljol R'_estored C_ontfol

Riparian Riparian Riparian Riparian
Pipilo aberti Abert's Towhee 10 0 1.03 0.00
Calypte anna Anna's hummingbird 2 0 0.21 0.00
Myiarchus cinerascens  Ash throated flycatcher 0 2 0.00 0.26
Vireo bellii Bell's vireo 1 0 0.10 0.00
Polioptila melanura Black-tailed gnatcatcher 2 3 021 0.39
Geothlypis trichas Common yellowthroat 1 0 0.10 0.00
Toxostoma crissale Crissal thrasher 1 0 0.10 0.00
Callipepla gambelii Gambel's quail 9 0 0.93 0.00
Melanerpes uropygialis ~ Gila woodpecker 3 0 0.31 0.00
Quiscalus mexicanus Great-tailed grackle 2 0 0.21 0.00
Carpodacus mexicanus  House finch 11 2 1.14 0.26
Picoides scalaris Ladder-backed woodpecker 2 0 0.21 0.00
Chordeiles acutipennis  Lesser nighthawk 0 2 0.00 0.26
Zenaida macroura Mourning Dove 26 6 2.69 0.78
Mimus polyglottos Northern mockingbird 0 031 0.00
Melospiza melodia Song sparrow 1 0.00 0.13
Auriparus flaviceps Verdin 36 6 3.72 0.78
Tyrannus verticalis Western kingbird 0 2 0.00 0.26
Zenaida asiatica White winged dove 4 5 041 0.65

Table 2. Riparian Birds- Total number of resident birds detected and density (#/hectare) in the restored and

control riparian habitats in the Yuma East Wetlands.

Total Number Detected Density (#/hectare)
Genus species Common Name Restored Control Restored Control

Riparian Riparian Riparian Riparian
Pipilo aberti Abert's Towhee 11 15 1.14 1.95
Carduelis tristis American goldfinch 1 0 0.10 0.00
Calypte anna Anna's hummingbird 18 9 1.86 1.17
Myiarchus cinerascens Ash throated flycatcher 4 15 0.41 1.95
Vireo bellii Bell's vireo 1 0 0.10 0.00
Archilochus alexandri Black-chinned hummingpbird 6 S 0.62 0.65
Pheucticus melanocephalus  Black-headed grosheak 3 0 031 0.00
Polioptila melanura Black-tailed gnatcatcher 4 5 0.41 0.65
Dendroica nigrescens Black-throated grey warbler 6 3 0.62 0.39
Passerina caerulea Blue grosheak 1 5 0.10 0.65
Molothrus ater Brown-headed cowbird 20 38 2.07 4.95
Icterus bullockii Bullock's oriole 3 1 031 0.13
Petrochelidon pyrrhonota  Cliff swallow 46 1 4.75 0.13
Columbina passerina Common ground-dove 2 1 0.21 0.13




Total Number Detected Density (#/hectare)
Genus species Common Name R_eston_’ed C_ontrol Rfestored C_ontrol
Riparian Riparian Riparian Riparian
Geothlypis trichas Common yellowthroat 1 3 0.10 0.39
Empidonax occidentalis Cordilleran flycatcher 4 1 0.41 0.13
Toxostoma crissale Crissal thrasher 0 1 0.00 0.13
Streptopelia decaocto Eurasian collared-dove 0 1 0.00 0.13
Callipepla gambelii Gambel's quail 6 3 0.62 0.39
Melanerpes uropygialis Gila woodpecker 5 1 0.52 0.13
Bubo virginianus Great-horned owl 0 1 0.00 0.13
Quiscalus mexicanus Great-tailed grackle 13 0 1.34 0.00
Catharus guttatus Hermit Thrush 4 0 041 0.00
Dendroica occidentalis Hermit warbler 0 1 0.00 013
Icterus cucullatus Hooded oriole 3 0 031 0.00
Carpodacus mexicanus House finch 5 15 0.52 1.95
Troglodytes aedon House wren 0 1 0.00 0.13
Picoides scalaris Ladder-backed woodpecker 1 114 1.04
Carduelis psaltria Lesser goldfinch 5 0 0.52 0.00
Chordeiles acutipennis Lesser nighthawk 1 10 0.10 1.30
Oreothlypis luciae Lucy's warbler 2 0 0.21 0.00
Oporornis tolmiei MacGillivray's Warbler 0 0.10 0.00
Zenaida macroura Mourning Dove 38 143 3.93 18.62
Vermivora ruficapilla Nashville warbler 0 0.83 0.00
Circus cyaneus Northern harrier 0 1 0.00 0.13
Mimus polyglottos Northern mockingbird 0 0.62 0.00
Stelgidopteryx serripennis L\lvsglhc?vrvn rough-winged 4 1 041 0.13
Vermivora celata Orange-crowned warbler 1 4 114 0.52
Agelaius phoeniceus Red-winged blackbird 0 1 0.00 0.13
Regulus calendula Ruby-crowned kinglet 1 0 0.10 0.00
Accipiter striatus Sharp-shinned hawk 0 1 0.00 0.13
Melospiza melodia Song sparrow 4 1 041 0.13
Dendroica townsendi Townsend's Warbler 4 0 041 0.00
Auriparus flaviceps Verdin 10 23 1.03 2.99
Vireo gilvus Warbling Vireo 7 2 0.72 0.26
Tyrannus verticalis Western kingbird 7 7 0.72 091
Piranga ludoviciana Western tanager 6 0 0.62 0.00
Contopus sordidulus Western wood pewee 3 0 0.31 0.00
Zonotrichia leucophrys White-crowned sparrow 5 0 0.52 0.00
Zenaida asiatica White-winged dove 27 34 2.79 4.43
Empidonax traillii Willow Flycatcher 15 3 1.55 0.39
Wilsonia pusilla Wilson's Warbler 25 11 2.58 1.43
Dendroica coronata Yellow-rumped warbler 1 8 114 1.04
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Total Number Detected Density (#/hectare)
Genus species Common Name Restored Control Restored Control

Riparian Riparian Riparian Riparian
Dendroica petechia Yellow Warbler 1 0 0.10 0.00

Table 3. Riparian Birds- Total number of migrating birds detected and density (#/hectare) in the restored
and control riparian habitats in the Yuma East Wetlands.

Riparian Bird Richness

In the restored riparian habitats 15 species were identified as residents, while 9 species were
identified as resident species in the control habitats (Table 2). Despite the greater number of
species detected in the restored riparian sites no significant difference was detected in species
richness between restored (Mean rank= 6.6, N=5) and control sites (Mean rank= 4.4, N=5)
(MWU=7, p=0.242, Figure 5). Migrating species richness was slightly higher in the restored
riparian habitats (n=46) versus the control habitats (n=37), however no significant difference was
indicated (MWU= 11, p=0.753).

Average Richness
[ B N ¢ N = Y

Restored Control

Habitat Type

Figure 5. Riparian Birds- Average richness in restored versus control riparian sites within the Yuma East
Wetlands (MWU=7, p=0.242). Error bars indicate standard error.

3.2.2 Marsh Birds

A total of 32 species were detected in wetland habitats, however 15 species were regarded as
migratory, wintering or riparian breeding species. Since evidence of breeding was not confirmed
at marsh habitats, residency was assumed if a bird was known to nest in wetland habitats along
the Lower Colorado River. There were 14 resident species detected in restored wetland sites and
10 resident species detected in control wetland sites. Five species were unique to restored
wetland habitats including: song sparrow, snowy egret, black-necked stilt, clapper rail, and
killdeer. Restored wetland habitats are adjacent to more open grassland or shoreline habitat,
which is preferred habitat for black-necked stilts and killdeer. The three species that were unique
to the control habitats were indicative of more open water available at these sites, and included:
canvasback, common moorhen and pied-billed grebe. Species that were only detected in the
wetland habitats, but not included in the analyses, included: black phoebe, lesser yellowlegs, tree
swallow, and spotted sandpiper.
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Marsh Bird MRPP Analysis

Spatial ordination of resident marsh bird assemblages by nonmetric multidimensional scaling
(NMS) show a distinction between restored and control marsh habitats (Figure 6). The MRPP
analysis did not support the hypothesis that no differences existed between restored and control
resident avian communities: T-statistic=-3.486 p=0.0048. The A=0.063, which indicates that
the avian assemblages within restored units had similarity. One restored site showed overlap with
the control sites which may have resulted in the lower within group similarity.

Figure 6. Non-metric multidimensional scaling ordination of resident wetland bird assemblages in restored
and control habitats, n=8 per habitat, for 2011 at the Yuma East Wetlands. A significant difference was
detected between restored versus control wetland sites (MRPP test, T=-3.486, p= 0.00048, A=0.063).

Marsh Bird Richness and Abundance

The non-parametric Mann-Whitney test indicated that restored wetland habitats had two-fold
higher total resident bird richness than the control wetland habitats (MWU=156.5, p=0.006;
Figure 7). Restored wetland sites had three-fold higher wetland bird abundance than control
sites, however the Mann-Whitney test did not indicate a significant difference (MWU=210.5,
p=0.108; Figure 8, Table 4). The high abundance detected in the restored sites was due to the
high abundance of yellow-headed blackbirds and marsh wrens. American coots had high
abundances at one site in the control wetland habitats. Area searches were not conducted in the
wetland habitats because of the disruption of the habitat during breeding season, therefore
evidence of residency was assumed if a bird was known to nest in wetland habitats in the area.
The results of the marsh bird surveys were added to the richness and abundance data for the
given results. Migrating bird richness and abundance was not calculated since the migrating birds
detected were minimal and nesting or breeding was not confirmed.
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Figure 7. Marsh Birds- Average marsh bird richness in restored versus control wetland sites within the
Yuma East Wetlands (MWU=156.5, p=0.006). Error bars indicate standard error.

Figure 8. Marsh Birds- Average bird abundance in restored versus control wetland habitats in the Yuma
East Wetlands (MWU=210.5, p=0.108). Error bars indicate standard error.

Genus species

Common Name

Total Number Detected

Restored Wetland Control Wetland

Fulica americana
Himantopus mexicanus
Aythya valisineria
Anas cyanoptera
Rallus longirostris
Gallinula chloropus
Geothlypis trichas
Ardea herodias
Charadrius vociferus

Ixobrychus exilis

American coot
Black-necked Stilt
Canvasback
Cinnamon teal
Clapper rail

Common Moorhen
Common yellowthroat
Great blue heron
Killdeer

Least bittern
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Total Number Detected

Genus species Common Name
Restored Wetland Control Wetland

Cistothorus palustris Marsh wren 22 4
Podilymbus podiceps Pied-billed grebe 0 2
Agelaius phoeniceus Red-winged blackbird 1 0
Egretta thula Snowy egret 3 0
Melospiza melodia Song Sparrow 10 0
Porzana carolina Sora 1 3
Xanthocephalus xanthocephalus Yellow-headed blackbird 54 19

Table 4. Marsh Birds- Total number of resident birds detected in the restored and control wetland habitats
in the Yuma East Wetlands.

3.3  Riparian Vegetation Characteristics

The Mann-Whitney non-parametric test indicated that restored riparian habitats had significantly
higher vegetation species diversity (MWU=2.0, p=0.028; Figure 9) and percent herbaceous cover
(MWU=2.5, p=0.019) than the control riparian sites. The restored habitats had a diversity of
herbaceous, shrub and medium tree species, including mesquite (Prosopis pubescens and
glandulosa), cottonwood (Populus fremontii), four-wing saltbush, western sea purslane, and wild
heliotrope. Saltcedar (Tamarix sp.) and arrowweed (Pluchea sericea) dominated the habitats of
the control riparian sites with the occasional mesquite and cottonwood. The Mann-Whitney tests
showed no significant difference for other vegetation characteristics, including total vegetation
volume (MWU=12, p=0.917), percent shrub cover (MWU=12, p=0.917), and percent mid-tree
canopy cover (MWU=12, p=0.917) between restored and control riparian habitats.

Figure 9. Habitat Characteristics- Average vegetation species diversity (H”) for restored versus control
riparian habitats in the Yuma East Wetlands (MWU=2, p=0.028). Error bars indicate standard error.

Native plant species diversity was three times higher in restored versus control riparian sites
(MWU=1.0, p=0.016, Figure 10). Percent native herbaceous cover was 15 times higher
(MWU=2.5, p=0.019) and percent native middle-canopy tree cover (MWU=0.0001, p=0.016)
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was 18 times higher in restored versus control riparian sites (Figure 11). These results are not
surprising considering restored sites were planted with native species and are actively managed
for exotic vegetation species removal. There was no difference detected in percent native shrub
cover between restored and control sites, which is likely due to the high density of arrowweed
(Pluchea sericea) occurring in the control sites. This species is native to the Lower Colorado
River, however it is weedy and often dominates open habitats within the YEW.
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Figure 10. Native species diversity (H’) in restored versus control riparian habitats in the Yuma East
Wetlands during 2011. Error bars indicate standard error.
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Figure 11. Average percent herbaceous and mid-canopy tree cover for restored versus control riparian
habitats in the Yuma East Wetlands during 2011. Error bars indicate standard error.

3.3.1 Riparian Vegetation Characteristics and Bird Correlations

Despite the differences detected in vegetation species diversity and percent herbaceous cover in
restored versus control riparian habitats, Pearson correlations did not detect any correlations with
resident or migrating bird density and richness and vegetation characteristics, including: total
vegetation volume, species diversity, percent herbaceous cover, percent shrub cover, and percent
middle tree canopy cover. No correlations were detected among resident or migrating bird
density and richness and native species diversity, percent native herbaceous cover, percent native
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shrub cover or percent native middle canopy tree cover. These results indicate that vegetation
characteristics did not appear to be responsible for the differences detected between resident and
migratory bird density and richness in control versus restored habitats during the 2011 survey
season.

3.4 Marsh Habitat Characteristics

The Mann-Whitney non-parametric test indicated that restored wetland habitats had seven times
higher percent herbaceous cover (MWU=5.0, p=0.004; Figure 12) than the control wetland sites.
Native herbaceous and grass cover was planted at the restored sites and is thriving adjacent to the
restored wetland, including species such as: inland saltgrass (Distichlis spicata), yerba mansa
(Anemopsis californica), alkali sacaton (Sporobolus airoides), salt heliotrope (Heliotropium
curassavicum), and western sea purslane (Sesuvium verrucosum). These species were detected
within the wetland vegetation surveys.

Control wetland sites had four times higher percent open water than the restored wetland sites
(MWU=9.5, p=0.013; Figure 13). The majority of the control wetland habitats were comprised
of smaller patches of wetland vegetation surrounded by deep open water (>1m); whereas most of
the restored wetland sites had continuous wetland vegetation with shallow standing water
underneath (<1m). The open water habitats at the control sites catered to bird species that prefer
this habitat type and were more common in control versus restored sites, including: American
coots, canvasback, common moorhen, and pied-billed grebes. The Mann-Whitney tests showed
no significant difference for other vegetation characteristics, including total vegetation volume
(MWU=32, p=1.00), vegetation species diversity (MWU=24, p=0.401), and percent shrub cover
(MWU=20, p=0.208) between restored and control riparian habitats.

Figure 12. Average percent herbaceous cover for restored versus control wetland habitats in the Yuma East
Wetlands during 2011(MWU=5.0, p=0.004). Error bars indicate standard error.
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Figure 13. Average percent open water for restored versus control wetland habitats in the Yuma East
Wetlands during 2011(MWU=9.5, p=0.013). Error bars indicate standard error.

Restored wetland sites had significantly higher native plant diversity (MWU=8, p=0.012, Figure
14) and percent native shrub cover (MWU=15, p=0.074, Figure 15) than the control wetland
sites. Restored wetland site shrub cover was dominated by native bulrush species and cattail,
while control wetland sites were dominated by invasive common reed (Phragmites sp.).
Common reed is increasingly out-competing native cattail in the control wetland sites. Percent
native herbaceous cover was significantly higher in restored versus control sites, and is discussed

above.

Figure 14. Average native plant diversity for restored versus control wetland habitats in the Yuma East
Wetlands during 2011(MWU=8, p=0.012). Error bars indicate standard error.
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Figure 15. Average percent native shrub cover for restored versus control wetland habitats in the Yuma
East Wetlands during 2011(MWU=15, p=0.074). Error bars indicate standard error.

3.4.1 Marsh Habitat Characteristics and Bird Correlations

Despite the differences detected in percent herbaceous cover and percent open water in restored
versus control riparian habitats, Pearson correlations did not detect any correlations with resident
wetland bird density and richness and vegetation characteristics, including: total vegetation
volume, species diversity, percent herbaceous cover, and percent shrub cover. No correlations
were detected among resident wetland bird density and richness and native vegetation species
diversity, percent native herbaceous cover, or percent native shrub. These results indicate that
vegetation characteristics did not appear to be responsible for the differences detected between
resident and migratory bird density and richness in control versus restored habitats during the
2011 survey season.

3.5 Butterflies

Butterfly MRPP Analysis

Spatial ordination of butterfly assemblages by nonmetric multidimensional scaling (NMS) show
a distinction between restored and control riparian habitats (Figure 16). The MRPP analysis did
not support the hypothesis that no differences existed between restored and control butterfly
communities: T-statistic= -2.527, p= 0.0234. The A=0.17, which is a relatively high value for
ecological data and it is interpreted that the butterfly assemblages within restored and control
units had similarity. The Control Riparian Points 2, 4, 5 (CR2, CR4, CR5) had the same
coordinates on the NMS graph because no butterflies were detected at these sites. PC Ord cannot
run an analysis with 0 data so a column for no data was created on the analysis spreadsheet and
the value=1 was placed in the column if no individuals were detected. The graph indicates equal
values for the three points discussed above and hence the overlap for the three values.
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Figure 16. Non-metric multidimensional scaling ordination of butterfly assemblages in restored and control
riparian habitats, n=5 per habitat, for 2011 at the Yuma East Wetlands. A significant difference was
detected between restored versus control wetland sites (MRPP test, T=-2.527, p= 0.0234, A=0.17).

Butterfly Richness and Abundance

The non-parametric Mann-Whitney test showed that both butterfly richness (MWU=48,
p<0.0001; Figure 17) and abundance (MWU=44, p<0.0001; Figure 18) was significantly higher
in the restored versus control wetland habitats. Eight species were detected using the restored
riparian habitats, while only two species were detected in the control riparian habitats. Western
pygmy blue (Brephidium exile) was the most abundant butterfly using the restored habitats
(Table 5). This species is associated with alkali soils and the host plant species includes western
sea purslane and species in the Chenopodiaceae family. Western pygmy blues can breed all year
round if their host plants are present and alive. The Ceraunus blue (Hemiargus ceraunus) was the
second most abundant species occurring in the restored riparian sites. This is a common species
in desert flats with a host plant of woody legumes, including mesquite (Table 5). Mesquites are
common in the restored riparian habitats, providing an abundance of host plants for this species.

Figure 17. Butterflies- Total butterfly richness in restored versus control riparian habitats in the Yuma East
Wetlands (MWU=48, p<0.0001). Error bars indicate standard error.
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Figure 18. Butterflies- Average butterfly abundance in restored versus control riparian habitats in the Yuma
East Wetlands (MWU=44, p<0.0001). Error bars indicate standard error.

Restored Control
Family Genius species Host plant family observations Observations
Hesperiidae Pyrgus communis Malvaceae 1 0
Lycaenidae Brephidium exile Chenopodiaceae 245 0
Lycaenidae Hemiargus ceraunus Fabaceae 26 0
Lycaenidae Leptotes marina Fabaceae 1 0
Lycaenidae Strymon melinus Fabaceae and Malvaceae 1 0
Pieridae Pieris rapae Brassicaceae 1 1
Pieridae Nathalis iole Asteraceae (Tagetes) 5 0
Pieridae Colias eurytheme Fabaceae 6 5

Table 5. Butterflies- Total cumulative observations for butterfly species detected in the restored and control riparian
sites in the Yuma East Wetlands.

3.6 Host Plant Abundance

The non-parametric Mann-Whitney test showed that there was no significant difference between
the host plant family abundance (MWU=10.5, p=0.673, Figure 19) or frequency (MWU=10.5,
p=0.673) in the restored versus control riparian sites. The only host plant families detected
during the vegetation surveys in both restored and control sites, included Asteraceae and
Fabaceae. The primary species detected in the Asteraceae family included Pluchea sericea and
Baccharis spp. and in the Fabaceae family included Prosopis pubescens and P. glandulosa.
Species in the Malvaceae and Chenopodiaceae families, including Sphaeralcea ambigua,
Atriplex canescens, and Atriplex lentiformis, exist in restored upland areas adjacent to the
monitored restored riparian habitats. A. lentiformis (0.12% cover) and A. canescens (0.27%
cover) were detected in the 3m cover estimates within the restored riparian habitats. Butterflies
that rely on these families for host plants likely utilized the plants located adjacent to the riparian
habitats during larval stages and migrated to the flowering plants within the monitored habitats to
nectar as butterflies. Butterfly species that rely on host plants in the Brassicaceae family likely
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migrated from agricultural fields where plants in that family abound. Strymon melinus relies on
herbaceous species found in the Fabaceae and Malvaceae families for its host plant. The most
abundant crop adjacent to the restored habitats of the YEW is alfalfa (Medicago sativa,
Fabaceae), which was likely the host plant source for this species.
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Figure 19. Average abundance of host plant families detected in restored versus control riparian sites
during 2011 in the Yuma East Wetlands. Error bars indicate standard error.

3.6.1 Nectar Resource Richness and Abundance

The non-parametric test indicated that there was no seasonal significant difference for flowering
species richness (y*=3.378, p=0.337) or inflorescence abundance (y°=3.849, p=0.278). However,
there was a seasonal difference detected in flowering species abundance (plant) (x°=10.496,
p=0.015, Figure 20). May had four times higher flowering species abundance than the next
highest month (June). Since no seasonal difference was detected in inflorescence abundance, it is
assumed that the same amount of flowering species resources were available to butterflies during
the sampling period.

Figure 20. Average flowering species abundance for the four sampling periods, May, June, July and
September during the 2011 survey season at the Yuma East Wetlands (x?=10.496, p=0.015). Error bars
indicate standard error.

Mann-Whitney non-parametric tests indicated that there was four times more total flowering
species richness in the restored versus control sites (MWU=49.5, p<0.0001, Figure 21).
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However, no significant difference was indicated in flowering species abundance (Mann-
Whitney U= 145, p=0.137, Table 6) and inflorescence abundance (Mann-Whitney U=194,
p=0.871) in the restored versus control sites. Native species planted in the restored riparian sites,
including Mexican evening primrose (Oenothera mexicana), wild heliotrope (Heliotropium
curassavicum), and sandbar willow (Salix exigua) had the highest abundances of blooming
individuals. However, many recruiting native and invasive weeds were also detected blooming in
the restored areas, including lamb’s quarter (Chenopodium album), horseweed (Conyza
Canadensis), white sweet clover (Melilotus alba), yellow sweet clover (Melilotus officinalis),
saltmarsh fleabane (Pluchea odorata), silverleaf nightshade (Solanum elaeagnifolium), common
sowthistle (Sonchus oleraceus), arrowweed (Pluchea sericea), and saltcedar (Tamarix spp.).
Arrowweed (Pluchea sericea) and saltcedar (Tamarix spp.) were the two most abundant flowering
individuals in the control riparian habitat (Table 6).

The primary vegetation species that butterflies were observed using for nectar sources in the
restored riparian habitats, included: western sea purslane (Sesuvium verrucosum), screwbean
mesquite (Prosopis pubescens), wild heliotrope (Heliotropium curassavicum), and four-wing
saltbush (Atriplex canescens). Only one individual butterfly was observed nectaring on saltcedar
in control riparian sites, the other individuals detected in the control sites were observed flying.
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Figure 21. Total flowering plant richness during 2011 at restored versus control riparian sites at the Yuma
East Wetlands (MWU=49.5, p<0.0001).
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Restored Riparian

Control Riparian

Total Total
Blooming Total Blooming Total
Plant Inflorescence Plant Inflorescence
Abundance Abundance
Herbs | Baileya multiradiata 3 3
Chenopodium album 6 2
Conyza canadensis 12 78
Heliotropium
curassavicum 160 1399
Melilotus alba 56 464
Melilotus officinalis 19 144
Oenothera mexicana 690 1529
Pluchea odorata 5 120
Sesuvium verrucosum 34 2710
Solanum elaeagnifolium 1 2
Sonchus oleraceus 12 105
Viola sp. 1 7
Shrubs | Baccharis spp. 14 569
Pluchea sericea 82 552 190 1972
Salix exigua 101 226
Tamarix spp. 11 834 178 13636
Trees | Prosopis glandulosa 35 336 1 10
Propsopis pubescens 44 403 5 39
Salix gooddingii 1 10
Total 1287 9493 374 15657

Table 6. Total blooming individuals and inflorescences for restored versus control riparian sites during 2011 at the

Yuma East Wetlands.

3.6.2 Habitat Characteristics and Butterfly Correlations

Butterfly species richness was correlated with flowering species richness, flowering species
abundance, vegetation species diversity, and percent herbaceous vegetation (Table 7). This
indicates that butterfly species prefer a diversity of flowering herbaceous species for nectaring.

The habitat characteristics discussed under riparian birds indicated that restored riparian habitats

had higher vegetation species diversity and % herbaceous vegetation than control riparian sites.
Butterfly species abundance was not correlated with any environmental variables.
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Variable Pearson Correlation p-value
Flowering species richness 0.611 0.061
Flowering species abundance 0.639 0.047
Vegetation species diversity 0.581 0.078
% herbaceous vegetation 0.621 0.055

Table 7. Pearson Correlation values for butterfly richness versus nectar plant richness, nectar plant
abundance, vegetation species diversity, and % herbaceous vegetation for riparian sites at the YEW during
2011.

40 DISCUSSION

This project successfully accomplished the objectives proposed in the 2010 Research
Application, including 1) To compare richness and abundance of avifauna and butterflies in
restored versus exotic vegetation-dominated (control) riparian and wetland habitats; 2) Compare
restored versus control riparian and wetland habitat quality, nesting habitat and nectar
availability; 3) Involve the local community in surveying techniques for interpretation and
educational purposes; and 4) Develop performance standards to optimize wetland and riparian
restoration efforts on the lower Colorado River. The results above and the discussion below
provide a detailed evaluation of the comparisons detailed in Objectives 1 and 2. During the
project, the Ecology class from Northern Arizona University Yuma campus visited the Yuma
East Wetlands for a bird watching tour through the restored riparian and wetland areas. This
project was discussed and many of the resident and migrating birds were detected by the students
during the tour. This project provided additional information for the “Bird Checklist of the Yuma
East Wetlands” that is distributed to Yuma residents and visitors alike furthering the local
community involvement in this project. Finally, this project helped develop performance
standards to optimize wetland and riparian restoration efforts on the lower Colorado River
(Objective 4) by identifying the preferred habitat characteristics of resident and migratory birds
and butterflies. By identifying these habitat preferences, the riparian and wetland restoration
techniques will be adjusted to benefit these species.

The results indicate that both bird and butterfly species prefer restored riparian and wetland
habitats to control riparian and wetland habitats. A higher richness and density of resident birds
was detected using the restored riparian habitats than the control riparian habitats, however the
results were not statistically significant. Verdins and mourning doves had the highest densities of
resident birds in the restored habitats. VVerdins are present year-round in the desert southwest.
While they are common in the Yuma area, they are threatened due to habitat destruction and may
be extirpated in areas around San Diego (Webster 1999). Mourning doves are colony nesters and
are often detected in large numbers. They create flimsy nests on the ground, tree branches, and
sometimes in human infrastructure. Mourning doves were detected in high densities (n= 143) in
control habitats, and are considered residents however were not used in the analyses. It is
difficult to determine how many mourning doves are nesting in a colony and how many pairs
exist. This species is typically tallied in area search surveys, but not used in analyses. Brown-
headed cowbirds were detected in high numbers in both the restored and the control habitats.
These species may have been residents in these habitats; however, because they do not construct
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their own nests, their nesting status was undeterminable in the surveyed area. This species lays
eggs in occupied nests of other species and pushes out the other eggs. The adults of the other
species feed the hatched cowbirds, which are often much larger and are able to out-compete the
other nestlings.

No correlations were detected between resident or migratory riparian bird richness or abundance
and environmental characteristics, which was likely due to the small sample size. Riparian
habitats in the YEW are still maturing so minimal sampling areas were available to conduct area
searches. However, these surveys should be conducted in the future, adding additional sites as
the habitats mature. In order to increase the sample size and compare results on a more regional
scale, these data can be compared with the bird surveys conducted by the Multi-Species
Conservation Program (MSCP) of the U.S. Bureau of Reclamation in riparian habitats along the
Lower Colorado River. It was expected that due to the visual differences in habitat quality and
higher vegetation species diversity in the restored versus control habitats, that the differences
detected in resident and migratory riparian and wetland bird richness and abundance would have
been attributed to the vegetation characteristics.

Bird richness and abundance was also higher in restored wetland habitats as compared to the
control wetland habitats. Yellow-headed blackbirds and marsh wrens had the highest abundance
in the restored wetland habitats. Yellow-headed blackbirds are also colony nesters so it is not
surprising to see high abundances. This species is very aggressive and often displaces smaller
nesting species such as the red-winged blackbird, which may be why red-winged blackbirds were
not detected in high abundances. American coots were the most abundant species detected in the
control wetland habitats, which was likely due to the presence of open water habitat. Three of the
eight control wetland points are located in a large backwater channel. The restored habitats have
some open water habitat, however it is primarily dominated by vegetated wetlands. Endangered
Yuma clapper rails were detected in higher abundances in the restored habitats than in previous
years, which indicates that the habitat quality was high and sufficient in size. Six clapper rails
were detected during the final breeding survey (May), and none were detected during the
previous surveys. This species is secretive and may have been present during the March and
April surveys, but not responding to the play-black calls. Therefore, presence during the final
survey indicates that Yuma clapper rails were nesting in the restored wetlands during the 2011
breeding season.

Percent herbaceous cover, percent native plant diversity, and percent native shrub cover was
significantly higher in restored versus control marsh habitats, whereas percent open water was
significantly higher in control habitats. Native herbaceous and grass cover was planted at the
restored sites and is thriving adjacent to the restored wetland, including species such as: inland
saltgrass (Distichlis spicata), yerba mansa (Anemopsis californica), alkali sacaton (Sporobolus
airoides), salt heliotrope (Heliotropium curassavicum), and western sea purslane (Sesuvium
verrucosum). The majority of the control wetland habitats were comprised of smaller patches of
wetland vegetation surrounded by deep open water (>1m); whereas most of the restored wetland
sites had continuous wetland vegetation with shallow standing water underneath (<1m). The
open water habitats at the control sites catered to bird species that prefer this habitat type and
were more common in control versus restored sites, including: American coots, canvasback,
common moorhen, and pied-billed grebes. Despite the difference detected in marsh bird species
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richness and abundance and marsh habitat characteristics, no correlations between these factors
were detected. In the future, more environmental factors should be monitored including depth of
water and habitat patch size.

Butterfly species richness and abundance was significantly higher in the restored riparian
habitats as compared to the control riparian habitats. This may be due to the diversity of
flowering plants available in the restored sites as compared to the control sites. Control sites
were dominated by saltcedar and arrowweed, which have shown to provide a nectar source for
some species. Only one individual was detected using saltcedar as a nectar resource during the
surveys. The most abundant butterflies occurring in the restoration sites included the Western
pygmy blue and the Ceraunus blue. The Western pygmy blue is associated with alkali soils and
the host plant species includes western sea purslane and species in the Chenopodiaceae family.
The Ceraunus blue is a common species in desert flats and its host plants include woody
legumes, including mesquite. Despite the overall lack of difference between host plants in
restored versus control sites, mesquites and species in the Chenopodiaceae family (four-wing
saltbush and quailbush) were more dominant in the restored riparian sites.

Butterfly species richness was correlated with flowering plant richness and abundance,
vegetation species diversity and percent herbaceous cover. This indicates that in order to attract a
variety of butterfly species, a diversity of flowering herbaceous vegetation should be planted at
restoration sites. The primary vegetation species that butterflies were observed using for nectar
sources in the restored riparian habitats, included: western sea purslane, screwbean mesquite,
wild heliotrope, and four-wing saltbush.

Many of the butterflies detected during the survey are agricultural pests and are residents to the
area. In order to detect more species, butterflies should be sampled in future monitoring efforts.
Invertebrate sampling occurred during a separate study conducted during 2007-2008, where a
greater diversity of butterfly species were detected utilizing the habitat at the Yuma East and
West Wetlands than were detected during the 2011 survey season. The paucity of butterfly
species detected during the 2011 survey season may have been due to cooler than average winter
and spring temperatures experienced during the 2010- 2011 winter season. These cooler
temperatures resulted in plants flowering later in the season. Butterfly species that rely on earlier
plant blooms or that were collected earlier during the 2007-2008 sampling period may not have
utilized the YEW during this survey period due to the lack of flowers.

4.1  Recommendations for Future Projects

In order to determine patterns and detect more species utilizing restored habitats, a continuation
of this study is recommended. Surveys should be conducted every five years for a two year
period. This will allow for comparisons of butterfly and bird community changes as restored
habitats mature. The MSCP is funding additional riparian obligate bird area search surveys in the
YEW for 2012 and beyond. The data collected from this study can be compared to these future
efforts.

This study indicates the importance of native herbaceous and grass understory species to riparian

restored sites for butterfly and bird species. Understory vegetation species provide an important
nectar resource and cover for butterflies and other invertebrates, which provide an important
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food source for many bird species. Understory plants can also discourage recolonizing invasive
species. Riparian restoration projects should consider planting a diversity of native understory
species to support habitat complexity, food resources, and the diverse food web for all wildlife
species.
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Appendix A. Yuma East Wetlands Sampling Site Location Map
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Appendix B. Yuma West Wetlands Sampling Site Location Map
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Appendix C. Bird Area Search Datasheets
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Appendix D. Non-breeding Bird Datasheets
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Appendix E. Resident Bird Territory Maps
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Appendix F. Marsh Bird Survey Datasheets
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Appendix G. Bird Variable Circular Plot Datasheets
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Appendix H. Butterfly Datasheets
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Appendix I. Riparian Habitat and Host Plant Datasheets
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Appendix J. Wetlands Habitat Datasheets

- 185 -
























































































































Appendix K. Riparian Area Search Site Photos
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Appendix L. Wetland Area Search Site Photos
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CWL1. Looking west. September 2011.

CW2. Looking south. September 2011.

CWa3. Looking northeast. September 2011.

CW 4. Looking northwest over the site.
September 2011.

CW1. Looking northeast. Septebmer 2011.

CW2. Looking north. September 2011.

CW3. Looking northwest. September 2011.

CW 4. Looking southeast. September 2011.



CWS5. Looking southeast over the site. CWS5. Looking northwest. September 2011.
September 2011.

CWE6. Looking southeast over the site. CW6. Looking northeast. September 2011.
September 2011.
CW 7. Looking sourtheast. September 2011. CW?7. Looking southeast. September 2011.

CW8. Looking northeast. September 2011. CWS8. Looking southeast. September 2011.



RW1. Looking north. August 2011. RW1. Looking northeast. August 2011.

RW2. Looking southwest. September 2011. RW2. Looking west. September 2011.

RW3. Looking east. September 2011. RW3. Looking southeast. September 2011.

RW4. Looking northwest. September 2011. RW4. Looking southwest. September 2011.



RWS5. Looking northwest. September 2011. RWS5. Looking southwest. September 2011.

RW®6. Looking northwest. September 2011. RW6. Looking southwest. September 2011.

RW?7. Looking southest. September 2011. RW?7. Looking southwest. September 2011.

RWS8. Looking north. September 2011. RWS8. Looking northeast. September 2011.



Appendix M. Nectar Resource Datasheets
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Appendix N. “Bird and Butterfly Recovery at the Yuma East Wetlands”
Power Point Presentation
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Yuma East Wetlands Restoration

* 936 acres proposed

e (Goal to restore

wildlife habitat

e Hvaluate wildlife
recovery
— Birds
— Invertebrates

— Mammals

— Amphibians &
Reptiles

— Fish



Baseline Research (2007-2008)
Birds

* Reference sites had significantly higher richness and abundance

e No difference between immature restored and control sites

Invertebrates
* Ag and reference sites had highest richness

* Some butterfly species only found in reference and mature riparian

habitats

= Jh

* Large scope not enough detail

Herpetofauna and Mammals

e Need more time to re-colonize site



Rational and Hypothesis

Bird Community

— Quickly re-colonize restored areas (Passell
2000, Gardali et al. 20006)

— Habitats have matured

Butterfly Community
— Quickly re-colonize restored areas

— Good indicators of herbaceous
community health (Scoble 1992)

— Easy to identify quickly . g —
Hypothesis: Bird and butterfly richness and

abundance will be different in restored verses
control sites.



Bird Surveys

e Intensive Area Searches

(Great Basin Bird Observatory 2010 and
Bart et al. 2010)

o 10 Riparian Plots
0 1-3 h / plOt
o 6 surveys during April- June

* Variable circular plots
(Reynolds et al. 1980)

o 16 Marsh Plots

o 10 m increment bands up to

100 m

o  Marsh bird monitoring
protocol



Buttertly Surveys

* 10 transects through
riparian plots

* Surveyed 4 times (April,
May, June, & Sept.)

* Timed searches (1 min/
20m), not including pursuit
time

e Behavior was recorded



Habitat and Nectar Resource Sampling

* Habitat Characteristics
— 1 time per plot (July and September)
— 30 plots 1n riparian and 20 plots in wetland
— TVV and cover (3m radius circle) recorded

— Butterfly host plant frequency and abundance; bird habitat

* Nectar Resources
— 4 times (after butterfly sampling)
— 3m diameter plots every 10m along transect
— Tally blooming flowers by species

— Number of inflorescence tallied



FORN TARS — Suite E Yuma,AZ 85364

YUMA, ARIZONA




FLAGSTAFF, AZ

(Lepidoptera) Recovery in Restored Wetland adn

eritage Al
oo 180 West First Street, bitats
i 528 774 108 Suite E Yuma,AZ 85364 Riparien Hel FIGURE 2
Ecasyatem Restoration Land Planning YUMA, ARIZONA




Bird Results

* 72 resident and migrating species detected in
riparian and wetland sites
Riparian
— 15 resident species in restored
— 9 resident species in control
Wetland
— 14 species 1n restored

— 10 spectes in control



Resident Riparian Birds

iGenus species

Common Name

Pipilo aberti

Calypte anna
Myiarchus cinerascens
Vireo bellii

Polioptila melanura
Geothlypis trichas
[Toxostoma crissale
Callipepla gambelii
Melanerpes uropygialis
Quiscalus mexicanus
Carpodacus mexicanus
Picoides scalaris
Chordeiles acutipennis
Zenaida macroura
Mimus polyglottos
Melospiza melodia
Auriparus flaviceps
Tyrannus verticalis
Zenaida asiatica

Abert's Towhee

Anna's hummingbird
Ash throated flycatcher
Bell's vireo

Black-tailed gnatcatcher
Common yellowthroat
Crissal thrasher
Gambel's quail

Gila woodpecker
Great-tailed grackle
House finch
Ladder-backed woodpecker
Lesser nighthawk
Mourning Dove
Northern mockingbird
Song sparrow

Verdin

Western kingbird

White winged dove

Density (#/hectare)
Restored Riparian ‘ Control Riparian
1.0331 0.0000
0.2066 0.0000
0.0000 0.2604
0.1033 0.0000
0.2066 0.3906
0.1033 0.0000
0.1033 0.0000
0.9298 0.0000
0.3099 0.0000
0.2066 0.0000
1.1364 0.2604
0.2066 0.0000
0.0000 0.2604
2.6860 0.7813
0.3099 0.0000
0.0000 0.1302
3.7190 0.7813
0.0000 0.2604
0.4132 0.6510

No difference in species richness (MWU=7, p=0.242)

NMS Ordination; MRPP test, T=-
0.1545, p= 0.389, A=0.004

14
(]
5 12
o 10
=
# 8
2 6
2
8 4
s . -
|3 0
Restored Control
Habitat

MWU= 0.175, p=0.175



Riparian Vegetation

MWU=2.0, p=0.028

* Higher species diversity in

(H")

© o 9o LN
o o r Mo

restored verses control sites

Average Species Diversity
o
N

9 0
* Higher % herbaceous cover

o

Restored Control

in restored verses control Riparian Habitat Type

e No correlations with resident
riparian birds and vegetation
characteristics



Marsh Birds

Genus species

ICommon Name

Total Number Detected

Restored Wetland Control Wetland
Fulica americana American coot 6 39
Himantopus mexicanus Black-necked Stilt 4 0
Aythya valisineria Canvasback 0 1
lAnas cyanoptera Cinnamon teal 12 0
Rallus longirostris Clapper rail 6 0
Gallinula chloropus Common Moorhen 0 6
Geothlypis trichas Common yellowthroat 12 8
IArdea herodias Great blue heron 1 1
Charadrius vociferus Killdeer 10 0
Ixobrychus exilis Least bittern 1 1
Cistothorus palustris Marsh wren 22 4
Podilymbus podiceps Pied-billed grebe 0 2
IAgelaius phoeniceus Red-winged blackbird 1 0
Egretta thula Snowy egret 3 0
Melospiza melodia Song Sparrow 10 0
Porzana carolina Sora 1 3
Xanthocephalus xanthocephalus Yellow-headed blackbird 54 19

No difference in abundance (MWU=210.5, p=0.108)

NMS Ordination, MRPP test,
T=3.486, p= 0.00048, A=0.063

Average Richness

45
4
3.5
3
2.5

Control
Wetland Habitat Type

Restored

MWU=156.5, p=0.006



N
o

Marsh Vegetatlon 5 0 MWU=5.0, p=0.004
z 30
: 825
* Higher % herbaceous cover S20
. £ 15 -
in restored verses control S 10 |
g 5 1
* Higher % open water in <0 Restored | control

Habitat T
control verses restored abitat Type

e No correlations with marsh
birds and vegetation
characteristics



Butterflies

Restored Control
Family Genius species Host plant family observations Observations
Hesperiidae ~ Pyrgus communis  Malvaceae 1 0
Lycaenidae  Brephidium exile Chenopodiaceae 245 0
Hemiargus
Lycaenidae  ceraunus Fabaceae 26 0
Lycaenidae  Leptotes marina Fabaceae 1 0
Fabaceae and
Lycaenidae  Strymon melinus Malvaceae 1 0
Pieridae Pieris rapae Brassicaceae 1 1
Asteraceae
Pieridae Nathalis iole (Tagetes) 5 0
Pieridae Colias eurytheme Fabaceae 6 5

48 times higher abundance in restored verses control
sites (MWU=44, p<0.0001)

=2

R, CR#, CRS
o

Axis 1

NMS Ordination; MRPP test, =-2.527,
p= 0.0234, A=0.17

Control

Total Richness
O FRP N W DN 01 O N 0 ©

Restored
Habitat Type

MWU=48, p<0.0001



Host Plant and Nectar Resource

* No difference in host plant abundance or frequency in restored verses
control

* Host plants adjacent to riparian plots: agriculture and upland
* Four times higher flowering species richness in restored verses control

* No significant difference in flowering species abundance and
inflorescence abundance

* Primary nectar sources in restored habitats: western sea purslane,
screwbean mesquite, wild heliotrope, and four-wing saltbush




Butterfly and Habitat Correlations

* Buttertly species richness was
correlated with («=0.10):

— Flowering species richness
— Flowering species abundance
— Vegetation species diversity

— % herbaceous vegetation

* Butterfly abundance was not
correlated with environmental

Variabl es Variable Pearson Correlation p-value
Flowering species richness 0.611 0.061
Flowering species abundance 0.639 0.047
Vegetation species diversity 0.581 0.078
% herbaceous vegetation 0.621 0.055




Discussion
* Birds prefer restored over control riparian and wetland habitats.
Riparian

— Mourning doves and verdins had highest density of resident species in
restored riparian habitats.

— MSCP species of concern:
* Residents: Gila woodpecker and Arizona Bell’s vireo

* Migrating: Southwestern willow flycatcher and yellow warbler

— Compare results on a regional scale

Wetland

— Yellow-headed black birds and marsh wrens were most abundant in restored
marsh habitats.

— American coots were most abundant in control habitats.

— MSCP species of concern: Yuma clapper rail and least bittern



Discussion

Butterflies prefer a diversity of flowering herbaceous species in
restored habitats.

Western pygmy blue (Brephidium exile) was most abundant species in
restored habitats

— Associated with alkali soils

— Host plants in the Chenopodiaceae family

Many species associated with agricultural crops:
* Cabbage white (Pieris rapae)
* Orange Sulfur (Colias eurytheme)
* Common hairstreak (Strymon melinus)

* Marine blue (Leptotes marina)

Need to sample butterflies in future to distinguish patterns



Thanks to Arizona Water Protection Fund,
Yuma Crossing National Heritage Area,
Quechan Indian Tribe,

Arizona Western College, Chase Choate and
Lin Piest




Appendix O. 2012 Colorado River Terrestrial and Riparian (CRTR)
Meeting Agenda
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2012 Colorado River Terrestrial and Riparian (CRTR) Meeting
Laughlin, NV — Harrah’s Casino

January 24"-26" 2012

January 24™
09:00 Start of meeting and introduction — Chris Dodge
09:10 Opening Remarks, an Introduction to the MSCP — Theresa Olson - Reclamation

09:30 A Journey through Time Down the LCR: 38 Years and Counting — Bert Anderson — Re-vegetation and
Wildlife Management Center

10:00 Yuma East Wetlands and Hunters Hole — Fred Phillips — Fred Phillips Consulting

10:20 Acquisition of Unprotected Habitat: Desert Tortoise & Flat-tailed Horned Lizard — Jed Blake - Reclamation
10:35 Adaptive Management of the LCR MSCP — Sonja Kokos - Reclamation

10:55 Break

11:10 Willow Flycatcher Surveys of the LCR, and Salt Cedar Beetle Monitoring — Anne Pellegrini and Mary Anne
Mcleod - SWCA

11:40 Southwestern Willow Flycatcher Research - Damon Peterson - NAU
12:00 Lunch

1:20 Southwestern Willow Flycatcher Habitat Use, Reproductive Success, and Interactions with Tamarisk
Beetles on the Virgin River, Utah - Rob Dobbs - UDWR

1:40 Southwestern Willow Flycatcher Survey Results from the Rio Grande — Darrell Ahlers - Reclamation

2:10 Comparison of SWFL Habitat between Areas Occupied by Tamarisk Beetle and Unoccupied Habitat — Scott
O’Meara and Stacey Crowe - Reclamation

2:30 Tamarisk Feeding Invertebrates of the Las VVegas Wash— Jason Eckburg - SNWA
2:50Break
3:10 Athel Tamarisk (Tamarix aphylla) Invading the Lower Colorado River — Curt Deuser - LMNRA

3:30 Soil Hydrology Study of Yellow-billed Cuckoo and Willow Flycatcher Habitat along the LCR — George
Ruffner - EcoPlan

3:50 Diets of Willow Flycatchers in Different Desert-Riparian Habitats — Bill Wiesenborn - Reclamation
4:10 Willow Flycatchers and Salt Cedar Beetle Discussion

4:30 End of the day



January 25™

09:00 Introduction for the day — Chris Dodge

09:10 Monitoring at Yuma East Wetlands — Heidi Trathnigg — Fred Phillips Consulting

09:30 System-wide Bird Surveys of the LCR for 2011 — Dawn Fletcher and Amy Leist - GBBO
09:50 Bird Monitoring along the Las Vegas Wash — Debbie Van Dooremolen - SNWA

10:10 Status of Marsh and Riparian Birds in the Colorado River Delta — Osvel Hinojosa - Pronatura
10:30 Break

10:50 Peregrine Falcons and Waterbird Interactions at LMNRA — Joe Barnes

11:10 Yellow-billed Cuckoo Survey Results from the LCR for 2011 — Shannon McNeil - SSRS
11:30 Yellow-billed Cuckoo Survey Results from the Rio Grande — Dave Moore - Reclamation
11:50 Lunch

1:20 Final Recommendations for an EIf Owl Survey Protocol — John Boone - GBBO

1:40 General Birds discussion

2:10 Edaphic and Hydrologic Influences on Floodplain Dynamics as a Method to Understand Ecosystem Functions
Related to Restoration. — Doug Merkler —- USDA-NRCS

2:30 Ground Water and Soil Salinity Monitoring Network — Matt Grabau - GSA
2:50 Break
3:10 Update on the Southwestern Mountain Lion Project — Ashwin Naidu — U of A

3:30 Lowland Leopard Frog and Colorado River Toad Distribution and Habitat Use in the Greater Lower Colorado
River Ecosystem — Taylor Cotton — AZG&FD

3:50 Community Recovery after Fire on the Bill Williams River NWR — Kathleen Blair - BWRNWR
4:10 The New LCR MSCP Website — Michelle Reilly - Reclamation

4:30 End of day



January 26™
09:00 Daily Introduction - Allen Calvert
09:10 Habitat Monitoring Announcements — Dianne Bangle - Reclamation

09:20 Evaluating Feasibility of Seeding Native Riparian Species in the Colorado River Delta — Francisco Zamora
and Karen Schlatter — Sonoran Institute

09:40 Comparing Bat Capture Surveys across Four Habitat Creation Areas — Allen Calvert - Reclamation
10:00 Post-Development Acoustic Bat Monitoring at Habitat Creation Areas - Susan Broderick - Reclamation
10:20 Break

10:40 Distribution and Roost Site Habitat Requirements of Western Yellow Bats and Western Red Bats - Joel
Diamond and Ronnie Mixan

11:00 System-Wide Bat Monitoring on the LCR using Four Long Term Acoustic Stations - Joel Diamond and
Ronnie Mixan

11:20 Bat Surveys of Mines within the Vicinity of Planet Ranch — Pat Brown — Brown Berry Consulting
11:40 Bat Monitoring discussion

12:00 End of Meeting
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