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a  b  s  t  r  a  c  t

Shorebirds  constitute  the  highest  abundance  group  of  birds  that  use  the  Upper  Gulf  of  California  and
Colorado  River  Delta  (CRD)  wetlands  for nesting,  spring  stopover  and  overwintering  sites.  From  August
2005  to December  2008  ground  surveys  were  conducted  on  three  natural  intertidal  wetlands  (Golfo  de
Santa  Clara,  Isla  Montague  and  Bahia  Adair)  and  three  brackish  anthropogenic  wetlands  (Cienega  de
Santa  Clara,  Cerro  Prieto  and  Mesa  de  Andrade)  in the Upper  Gulf  and  CRD.  The  goal  was  to determine  the
overall  importance  of  the  CRD  in supporting  shorebirds,  and  in  particular  the role of  the anthropogenic
wetlands,  which  face uncertain  futures.  Species  richness  varied  from  15  to 26  species  among  sites  and
29  species  were  detected  across  sites.  The  most  abundant  species  was Calidris  mauri,  which  was  most
abundant  in  Isla  Montague  and Golfo  de  Santa  Clara  in winter  and  spring,  while  it was  most  abundant  in
the  Cienega  de  Santa  Clara  and  Mesa  de  Andrade  wetland  in  spring  and  fall.  Cienega  de  Santa  Clara  and
Golfo  de  Santa  Clara  had  the  highest  bird  density  with  168  and  105  individuals/ha  in the  peak  migration
month. Birds  tended  to  use the  intertidal  wetlands  during  the  winter  and  spring  migration  period  while
the  inland  wetlands  were most  used  during  spring  and  fall. The  Cerro  Prieto  geothermal  power  plant

wetlands  were  most  used  by Phalaropes  species  during  fall migration.  Bahia  Adair,  an  extensive  intertidal
wetland  system  south  of  the  CRD, had  a  low  density  of  shorebirds  (10  individuals/ha)  compared  to CRD
sites,  but  it had  higher  species  diversity  and the  highest  proportion  of large  size  shorebirds.  This  study
shows  the  importance  of  both  intertidal  and  anthropogenic  wetlands  in  supporting  shorebirds  along  the
Pacific  Flyway.  Management  decisions  that  might  impact  these  wetlands  should  consider  their  habitat
value  for  migratory  shorebirds  as documented  here.
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. Introduction

The Colorado River Delta (CRD) and the Upper Gulf of California
upport 37,890 ha of intertidal and non-tidal brackish wetlands
Glenn et al., 1996). Much of this area is protected by Mexican
aw as a Biosphere Reserve and is designated as a Ramsar Site,
n Important Bird Conservation Area (AICA), and a component of
he Western Hemispheric Shorebird Reserve Network (WHSRN).
ven though biotic and abiotic characteristics of this delta region
ave been modified by the reduction in water flow due to upstream
ater diversion (Glenn et al., 1996, 2006) the CRD and Upper Gulf
Please cite this article in press as: Gomez-Sapiens, M.M., et al., Shorebird
anthropogenic wetlands of the Colorado River Delta, Mexico. Ecol. Eng. (20

rea still have high productivity wetlands that support resident and
igratory waterbird communities (Hinojosa-Huerta et al., 2004a).

∗ Corresponding author. Tel.: +1 5203708385.
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Documented waterbird habitat uses for Upper Gulf and CRD
egion include reproduction sites for several species, and stopover
nd wintering sites for migratory species along the Pacific
lyway (Hinojosa-Huerta et al., 2004b; Mellink et al., 1997;
orrison, 1992). Shorebirds (families: Charadriidae, Recurvirostri-

ae, Haematopodidae and Scolopacidae) are the group with the
ighest abundance (Mellink et al., 1997; Hinojosa-Huerta et al.,
004b). An earlier aerial survey estimated 163,744 wintering
horebirds in the CRD (Morrison, 1992), whereas subsequent
round survey estimates ranged from 88,000 (Román-Rodríguez,
004) to 148,285 (Mellink et al., 1997). These studies indicated that
he CRD region is equal to the Salton Sea and other high-density
horebird sites on the Pacific Flyway (Shuford et al., 2002). Shore-
irds use the CRD wetlands mostly as a wintering site, with the
 abundance and species diversity in natural intertidal and non-tidal
13), http://dx.doi.org/10.1016/j.ecoleng.2013.03.004

udflats and saltflats located near the mouth of the river being the
ost used areas (Mellink et al., 1997). According to Mellink et al.

1997) there is a possibility that individuals that use the Salton Sea
ould be the same individuals that use CRD wetlands since both

dx.doi.org/10.1016/j.ecoleng.2013.03.004
dx.doi.org/10.1016/j.ecoleng.2013.03.004
http://www.sciencedirect.com/science/journal/09258574
http://www.elsevier.com/locate/ecoleng
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ites are reported to be on the flyway for birds moving southward
o the Pacific coastal areas during their migrations (Shuford et al.,
002).

The intertidal wetlands are extensive due to the shallow slope of
he seabed and the high amplitude (up to 5 m)  of the mixed diurnal
ides (two tide cycles per day) in the CRD. However, the Colorado
iver no longer carries seasonal fresh water flows due to upstream
ams and water diversions, and as a consequence the salinity
egime of the estuary has been altered from seasonally miohaline to
onsistently euryhaline, which has induced changes in the flora and
auna (e.g., Avila-Serrano et al., 2006). On the other hand, a series
f non-tidal, anthropogenic brackish wetlands have been created
n the delta from the disposal of agricultural drainage water and
ther management activities. Our research question was, what is
he relative contribution of the now-euryhaline intertidal wetlands
nd the brackish anthropogenic wetlands in supporting shorebird
bundance and diversity? The answer to this question has manage-
ent implications, because these anthropogenic wetlands were all

nadvertently created by water management decisions in the U.S.
nd Mexico, and as a result they could be altered or eliminated by
uture management activities.

. Methods

.1. Study sites

Studies sites are shown in Fig. 1 and their size and main features
re described in Table 1. The intertidal zone (Fig. 1) includes the
oastline located at El Golfo de Santa Clara village, Isla Montague,
an Felipe and Bahia Adair. The first three localities are part of the
RD estuary, which is dissected by three channels bordering the
ontague-Gore and Pelicano Islands inside the core zone of the

iosphere Reserve. The coastline consists of extensive mudflats that
ecrease in silt and clay with increasing distance from the river
outh. The vegetation includes patches of the endemic saltgrass
istichlis palmerii on the Isla Montague and adjacent coastline areas
nd other halophytic species at other locations in the intertidal
one (Yensen et al., 1983; Felger, 2000).

The shoreline sites selected for sampling in the CRD con-
ists of silty-clay (limo-arcilloso) sediments, with high benthic
pecies richness (46), high density of benthic organisms (98.6
ndividuals/m2) and high values for biomass (58.07 mg/m2)
Villarreal and Carmona, 1999). Sampling was also conducted in
ahia Adair, an extensive estuary of tidal channels, mudflats and
altflats southeast of the CRD on the Sonoran shoreline (Felger,
000). Sediments in that estuary sit on cemented seashell for-
ations called coquinas, interrupted by tidal ponds and sandy

reas. Halophytic species from Bahia Adair include Allenrolfea
ccidentalis, Batis maritima, Salicornia bigelovii, S. subterminalis,  S.
irginica, Suaeda esteroa,  S. puertopenascoa, Atriplex linearis,  Atriplex
arclayana,  Cressa truxillensis,  Frankenia salina,  Distichlis palmeri,
onanthochloë littoralis (Felger, 2000).

The first anthropogenic wetland complex selected for sampling
as Cienega de Santa Clara (Fig. 1), a 4200 ha brackish wetland
aintained by mildly saline (2–3 ppt) water releases from the
ellton-Mohawk Irrigation District in the U.S. (Glenn et al., 1992,

001). It is an emergent marsh dominated by cattail (Typha domin-
ensis), with about 15% open water areas, and patches of Phragmites
ustralis, Juncus,  Distichlis spicata,  D. palmeri, Scirpus spp., Tamarix
hinensis and Allenrolfea occidentals within the marsh or along the
Please cite this article in press as: Gomez-Sapiens, M.M., et al., Shorebird
anthropogenic wetlands of the Colorado River Delta, Mexico. Ecol. Eng. (20

ides of the marsh (Abarca et al., 1993). The Cienega also supports
arge quantities of submerged aquatics such as Najas marina and
uppia maritima (Glenn et al., 1992), important food sources for
ome waterfowl. South of the Cienega is an extensive evaporation
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asin that receives effluent from the Cienega and occasional tidal
ooding. The Cienega is within the core and buffer zone of the
iosphere Reserve.

The second anthropogenic wetland complex is the Cerro Pri-
to geothermal field (Fig. 1). It consists of approximately 4000 ha
f evaporation ponds, mud  volcanos (0.05–2 m high), hot springs,
ents, salt pans and fault scarps (Mercado and Fernández, 1998).
ater sources include ground water fed by the Cucapa Mountain

ange alluvial fans and the Colorado River (Mercado and Fernández,
998). The wetlands are salty and shallow with an important micro-
rustacean community and other benthic species (Varela-Romero
t al., 1998). A. occidentalis is the dominant plant species. The
ain shorebird habitats are in a series of evaporation ponds where

ffluent water from the geothermal electric generating facility is
ischarged. These shallow ponds contain islands of dredged mate-
ial, which provide protection from predators for nesting birds.
he ponds also provide food in the form of submerged aquatic
egetation, fish and invertebrates growing in the brackish ponds.
ccording to Hinojosa-Huerta et al. (2004a) the Cerro Prieto wet-

ands are a nesting site link for shorebirds, between the Lower
olorado River (Isla Montague) and Salton Sea nesting sites.

The third set of anthropogenic wetlands are the Mesa de
ndrade wetlands (Fig. 1), extending over an area of 6200 ha. These
etlands are formed by water seeping from the formerly unlined
ll American Canal in the United States. Seepage flows under the
une field comprising the San Andrade Mesa and surfaces along
he foot of the dune field at its southern extent in Mexico, forming
mall, isolated wetlands separated by dunes. The wetlands con-
ist of emergent marshes, playas and vegetated dunes, where the
ater table is within the reach of phreatophytic vegetation. Repre-

entative plant species in the marshes are Distichlis spicata and T.
omingensis, while the dunes support Larreta tridentata,  Prosopis
landulosa, P. pubescens and Atriplex spp. and other halophytes
Hinojosa-Huerta et al., 2002). With the lining of the All American
anal in 2008, seepage is not expected to continue and the future
f these wetlands is in doubt.

.2. Survey methods

The methods were based on the protocol of the Western Shore-
ird Survey (Bart et al., 2005). Surveys at each site were conducted
t times of year previously identified as critical migration, win-
ering or nesting periods. Counts started at around 0800 h and
ontinued throughout the day. At each site transects were set
long the coastline or edge of the wetland and consisted of five
r more point counts 400 m apart unless noted otherwise below.
ach survey point had a radius of 250 m and an area of 12.5 ha. Sur-
eyors used 10× binoculars and a 20× spotting scope to observe
irds. In cases in which species identification was not possible,
nly the genus of the bird was  recorded. In cases when larger
oncentrations than could be counted were encountered, num-
ers of shorebirds were determined by flock estimation following
asprzyk and Harrington (1989) recommendations. Relative abun-
ance (% composition) was calculated for each species.

At the intertidal zone habitats, the sampling dates corresponded
o the lowest neap tide day for each month. At the non-tidal sites
ampling dates were selected by chance keeping a similar time
rame among surveys on each site. Surveys started in August 2005
n all the sites and in November for Bahia Adair and Isla Montague.

For the period from August 2005 to December 2006 six sampling
ones were selected in Golfo de Santa Clara, Isla Montague and
 abundance and species diversity in natural intertidal and non-tidal
13), http://dx.doi.org/10.1016/j.ecoleng.2013.03.004

ahia Adair for the intertidal zone and Cienega de Santa Clara, Cerro
rieto and Mesa de Andrade for the anthropogenic sites. At El Golfo
e Santa Clara five points each were set along the shoreline from
orthwest to southeast.

dx.doi.org/10.1016/j.ecoleng.2013.03.004
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Fig. 1. Survey sites a

Around Isla Montague 15 points were set along the intertidal
udflat and surveys were done from a small boat using binoculars

t a variable distance to the land (5–20 m)  according to the topog-
aphy of the shoreline, weather and tidal conditions. At Bahia Adair
wo localities were established with a five point transect on each
ne with a separation of 500 m among points in the sandy shoreline
nd coquinas, and along the estuary. At the Cienega de Santa Clara
urveys were conducted since April 2007 in the three points in the
outhwest part of the wetland which has open areas in the south-
rn limit of the cattail distribution. These habitats are composed of
udflats and saltflats that extend toward the mouth of the river

nd points were separated by 500 m.
For the Mesa de Andrade wetlands three points were estab-

ished, one for each of the lagoons. Visits to Mesa de Andrade
etlands were discontinued in January 2007 due the lowest abun-

ance of shorebirds recorded for the site. In the case of the Cerro
rieto Geothermal Field the surveys were done along the evapora-
ion ponds by car to include individuals feeding in the shorelines of
he ponds and using the spotting scope and binoculars to observe
he flocks in distant areas. In Cerro Prieto the visits were restricted
o the summer months (fall migration) since it was  determined to
e a more important season for shorebird use.
Please cite this article in press as: Gomez-Sapiens, M.M., et al., Shorebird
anthropogenic wetlands of the Colorado River Delta, Mexico. Ecol. Eng. (20

.3. Data analysis

In order to compare density among the sites, annual mean den-
ity was estimated using the peak migration month for each site

s
a
p

able 1
horebird survey sites.

Site Area (Ha) 

Bahia Adair (BA) 28,709 

Golfo de Santa Clara (GSC) 969 

Isla  Montague (IM) 16,050 

Cienega de Santa Clara (CSC) 22,104 

Cerro  Prieto (CP) 1739 

Mesa  de Andrade (MA) 42 
olorado River Delta.

nd the sampled area. In the case of Isla Montague two  points were
liminated since they do not contain mudflat area and shorebirds
isits were very infrequent (see Table 1). To detect differences in
ean abundance per site among years one-way analysis of vari-

nce (ANOVA) and t-tests were conducted on log transformed data,
sing SPSS version 13.0.

Shannon diversity index was  estimated for each commu-
ity’s sampled year, and similarity indices (Jaccard, Sorenson,
orisita–Horn and Bray–Curtis) on the total of individuals detected

er site during the period of survey. Correspondence Canonical
nalysis (CCA) was used to determine the differences on commu-
ity’s structure and conducted on CANOCO version 4.5.

. Results

.1. Overall abundance and diversity

The sites with the highest shorebird density during peak migra-
ion months were the Cienega de Santa Clara and Golfo de Santa
lara with 168 and 105 individuals per ha, respectively (Table 1).
pecies richness ranged from 15 to 26 species among individual
ites and 29 shorebird species were recorded among all the sites
Tables 2 and 3).
 abundance and species diversity in natural intertidal and non-tidal
13), http://dx.doi.org/10.1016/j.ecoleng.2013.03.004

The site with the highest diversity of habitats (Bahia Adair)
howed highest Shannon Diversity Index values from 1.90 to 2.62
nd the lowest abundances (below 6000 shorebirds per sam-
led year), playa habitat sampled in the Cienega had the highest

Type of wetland Habitats

Intertidal Sandy/rocky shore/estuaries
Intertidal Mudflat
Intertidal Mudflat
Anthropogenic Playa areas/saltflats
Anthropogenic Lagoons/saltflats
Anthropogenic Lagoons

dx.doi.org/10.1016/j.ecoleng.2013.03.004
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Table 2
Shorebird mean density during the peak migration month of each site.

Site Month Mean abundance 95% CI N Sampled area (ha) Density (individuals/ha, CI)

BA November 1021 (SD ± 250) 674–1377 2 98.1 10 (7–14)
GSC  February 7518 (SD ± 7363) 814–15,850 3 49.0 153 (17–323)
IM  February 4846 (SD ± 4353) 80–9772 3 127.6 38 (1–76)
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CSC  August 4960 (SD ± 4202) 863–10,783
CP  August 7245 (SD ± 3751) 3569–10,92
MA  August 520 (SD ± 300) 104–936 

bundance along with mudflats habitats in some of the sampled
ears (over 19,000 shorebirds) with diversity value in the middle of
he spectrum found for this region (about 1.5), the lagoon habitats
ampled in the Cerro Prieto Site showed diversity values below 1.3
nd abundances in the range of 13,000–18,000 shorebirds per year.
udflats sampled in the Delta (Golfo and Isla Montague) showed

he highest variation in terms of diversity and number of shorebirds
Fig. 2).

Shorebird community assemblage differs mainly by type of wet-
and and diversity of habitats. According to the ordination model
rom a CCA (Fig. 3), 53% of the variation in the shorebird community
Please cite this article in press as: Gomez-Sapiens, M.M., et al., Shorebird
anthropogenic wetlands of the Colorado River Delta, Mexico. Ecol. Eng. (20

tructure was explained by the sites Adair, Cienega and Cerro Pri-
to (p-value < 0.001), even though the axis that defines the Cienega
ite had a higher p-value (0.08). The axis defined by the shore-
ird community assemblage of El Golfo de Santa Clara and Isla

t
s
a

able 3
otal and relative abundance on intertidal zone sites from August 2005 to December 200

Species Bahia Adair Golfo de San

Total Relative abundance Total 

AMAV 184 1.30 251 

AMGP  4 0.03 4 

AMOY  685 4.84 53 

AREN  3 0.02 0 

BBPL  606 4.28 871 

BLTU  56 0.40 25 

BNST  16 0.11 0 

CALI  2489 17.58 23,357 

CHAR  84 0.59 17 

DUNL  177 1.25 11 

GRYE  3 0.02 1 

KILL  1 0.01 6 

LBCU  1551 10.95 1124 

LBDO  0 0 0 

LESA  1 0.01 0 

LEYE  11 0.08 6 

MAGO  1564 11.04 1872 

NUME  1641 11.59 1099 

PAGP  0 0 1 

PHAL  0 0 0 

PLUV  313 2.21 161 

REKN  186 1.31 3470 

RNPH  0 0 0 

RUTU  227 1.60 18 

SAND  97 0.68 371 

SBDO  11 0.08 116 

SEPL  52 0.37 10 

SESA  0 0 0 

SNPL  121 0.85 76 

STSA  0 0 0 

SPSA  0 0 0 

SURF  6 0.04 0 

TRIN  78 0.55 54 

UNDO  525 3.71 6891 

WESA  734 5.18 11,701 

WHIM  258 1.82 287 

WILL  2393 16.90 2198 

WIPH  0 0 0 

WIPL  84 0.59 57 

Total  14,161 54,108 
2 29.4 168 (29–367)
4 300 24 (12–36)
2 29.4 18 (3–32)

ontague had higher p-values (>0.3). Differences between the axis
an be attributed in the case of Bahia Adair to the highest abun-
ance of Arenaria species, Surfbird and American Oystercatcher. In
he Cienega de Santa Clara the axis was defined by species detected
n higher abundances (American Avocet and Black-necked Stilt) or
xclusively at that site (Stilt Sandpiper and Killdeer). In the Cerro
rieto site the axis was defined by higher abundance of Phalarope
pecies, Least Sandpiper and Spotted Sandpiper (Fig. 3).

.2. Shorebird composition and abundance in the intertidal zone
 abundance and species diversity in natural intertidal and non-tidal
13), http://dx.doi.org/10.1016/j.ecoleng.2013.03.004

El Golfo de Santa Clara and Isla Montague had a similar dis-
ribution of shorebirds species. At both sites the most abundant
horebirds were small Calidris species, with C. mauri individuals
ccounting for about 60% of relative abundance (Table 3). Other

8, see Appendix 1 for species code.

ta Clara Isla Montague

Relative abundance Total Relative abundance

0.46 778 2.29
0.01 0 0
0.10 84 0.25
0 0 0
1.61 489 1.44
0.05 1 0
0 0 0

43.17 18,282 53.89
0.03 13 0.04
0.02 117 0.34
0 0 0
0.01 1 0
2.08 2541 7.49
0 3 0.01
0 6 0.02
0.01 0 0
3.46 660 1.95
2.03 863 2.54
0 0 0
0 0 0
0.30 134 0.39
6.41 1853 5.46
0 0 0
0.03 0 0
0.69 188 0.55
0.21 4 0.01
0.02 8 0.02
0 0 0
0.14 2 0.01
0 0 0
0 1 0
0 0 0
0.10 11 0.03

12.74 3582 10.56
21.63 1003 2.96

0.53 482 1.42
4.06 2803 8.26
0 0 0
0.11 16 0.05

33,925

dx.doi.org/10.1016/j.ecoleng.2013.03.004
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ocky shore, Sandy beach and Estuary to Bahia Adair, Playa to the Cienega de Santa
lara and Lagoon to Cerro Prieto site.

ominant species included Dowitchers (Limnodromus spp.) with
2.7% and 10.5% of relative abundance respectively. After C. mauri
he most common Calidris species was Red Knot (Calidris canutus)
n the case of El Golfo site, and Willet (Tringa semipalmata) in Isla

ontague. Numenius species were abundant at the Isla Montague
ccounting for 11.4% of relative abundance, and most were individ-
als of Long-billed Curlews (Numenius americanus). At the El Golfo
ite the percentage of the large size shorebirds like Willet, Long-
illed Curlew and Marbled Godwit was approximately 12%. Plovers
epresented 2.2% of relative abundance at El Golfo and nearly 1.9%
t Isla Montague. In Bahia Adair the most abundant shorebirds were
alidris and Numenius species which accounted for 24% of relative
bundance with N. americanus being the most common species
rom that genus. Willets (Tringa semipalmata) accounted for 17%
f relative abundance while Marbled Godwits (Limosa fedoa) were
lightly less dominant accounting for 11% of the total abundance. In
Please cite this article in press as: Gomez-Sapiens, M.M., et al., Shorebird
anthropogenic wetlands of the Colorado River Delta, Mexico. Ecol. Eng. (20

his site a large flock (350 individuals) of American Oystercatchers
Haematopus palliatus) was detected in the “Coquina” areas dur-
ng the winter months. From the three intertidal zone sites, Bahia

ig. 3. Ordination diagram of species/taxa presence and abundance on the sites from
anonical Correspondence Analysis. The letters refer to species/taxa code showed

n  Appendix 1.
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dair showed the highest relative abundance of plovers with 8.9%
Table 3).

.3. Shorebird composition and abundance in the anthropogenic
etlands

In the southern portion of the Cienega, Calidris and Limnodromus
pecies were the most abundant species, with relative abundances
f approximately 56.9% and 19.3% respectively, followed by Black-
ecked Stilt and American Avocet (7.1%), and phalaropes (5.9%)
Table 4). 1110 records of Marbled Godwit (Limosa fedoa) were
ecorded in this location and the Snowy Plover (Charadrius nivosus)
as the most abundant plover with 89 records.

The most common shorebirds at the Andrade Mesa Wet-
ands were Calidris, or small sandpipers, representing 33% of the
horebird community. Dowitchers (Limnodromus sp.) and Black-
ecked Stilts (Himantopus mexicanus)  were the second and third
ost abundant species with 24.3% and 23.8% respectively, with

ccurrence of phalaropes and American Avocets (Recurvirostra
mericana) being around 5% (Table 4). The most common plover
as Killdeer (Charadrius vociferus) with 35 records.

The Cerro Prieto ponds were used mostly by phalaropes dur-
ng the summer months or fall migration (relative abundance of
0%), with more than 20,000 individuals in three summers of sur-
eys and a range of 3000–8000 individuals recorded during each
isit. Calidris species were the second most abundant (11.7%) shore-
ird in these ponds. American Avocet (4.0%) and Black-necked
tilt (3.3%) were abundant all year round, and among the plovers
he most recorded species were Snowy Plovers and Black-bellied
lovers with 121 and 66 individuals (Table 4).

.4. Communities comparison based on similarity indices

Qualitative indices Jaccard and Sorenson suggest high similar-
ty in terms of the number of shared species between Bahia Adair
nd El Golfo site, between the rest of the intertidal sites and also
etween Bahia Adair and Cerro Prieto with values higher than 0.6
or both indices (Table 5). Quantitative indices Morisita-Horn and
ray–Curtis suggest high similarity among the three communities
lose in distance to the delta (Cienega, Golfo and Isla Montague)
nd lower similarity between Bahia Adair and Cerro Prieto and El
olfo and Mesa de Andrade (Table 5).

.5. Differences in seasonal abundance among sites

Seasonal abundance at El Golfo and Isla Montague intertidal
ites showed the same pattern with highest abundance during win-
er months and over spring migration, which corresponds with
. mauri wintering and migration (Fig. 4.). In contrast, summer
onths showed a low abundance of C. mauri and an increase in

he abundance of Red Knots (C. canutus).
In Bahia Adair seasonal abundance of shorebirds was high from

ovember to January with another peak during spring migration
Fig. 4), due mainly to visitations by C. mauri and Numenius spp.

In the Cienega de Santa Clara peak abundances were recorded
n April and August as a result of the presence of both Calidris
nd Limnodromus species in April, and of C. mauri in August
Fig. 5). Important numbers of other species (American Avocet
nd Phalaropes) contributed to seasonal abundance in the summer
onths.
 abundance and species diversity in natural intertidal and non-tidal
13), http://dx.doi.org/10.1016/j.ecoleng.2013.03.004

For the last three years of sampling at Cerro Prieto the months
f highest abundances were August and September (Fig. 5) as a
esult of Phalarope migration. For the Mesa de Andrade wetlands
bundance peaks were recorded in winter due the presence of

dx.doi.org/10.1016/j.ecoleng.2013.03.004
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Table 4
Total and relative abundance on inland wetlands from August 2005 to December 2008 in the Cienega and Cerro Prieto sites and from August 2005 to December 2006 in the
Mesa  de Andrade site (see Appendix 1 for species code).

Species Cienega Cerro Prieto Mesa de Andrade

Total Relative abundance Total Relative abundance Total Relative abundance

AMAV 3002 7.11 2146 4.08 189 4.61
AMGP  0 0 0 0 0 0
AMOY  0 0 0 0 0 0
AREN  0 0 0 0 0 0
BBPL  0 0 66 0.13 0 0
BLTU  0 0 0 0 0 0
BNST  2998 7.10 1738 3.30 977 23.83
CALI  20,940 49.61 4579 8.70 1000 24.39
CHAR  2 0 7 0.01 0 0
DUNL  319 0.76 12 0.02 2 0.05
GRYE  8 0.02 23 0.04 10 0.24
KILL  54 0.13 4 0.01 35 0.85
LBCU  3 0.01 20 0.04 1 0.02
LBDO  0 0 0 0 4 0.10
LESA  9 0.02 599 1.14 117 2.85
LEYE  0 0 5 0.01 16 0.39
MAGO  1110 2.63 3 0.01 0 0
NUME  4 0.01 21 0.04 0 0
PAGP  0 0 0 0 0 0
PHAL  2355 5.58 24,365 46.28 200 4.88
PLUV  0 0 0 0 0 0
REKN  0 0 12 0.02 0 0
RNPH  71 0.17 15,431 29.31 105 2.56
RUTU  0 0 1 0 0 0
SAND  0 0 8 0.02 28 0.68
SBDO  0 0 0 0 6 0.15
SEPL  9 0.02 12 0.02 4 0.10
SESA  0 0 0 0 0 0
SNPL  89 0.21 121 0.23 0 0
STSA  3 0.01 0 0 0 0
SPSA  0 0 9 0.02 0 0
SURF  0 0 0 0 0 0
TRIN  177 0.42 100 0.19 19 0.46
UNDO  8176 19.37 4 0.01 1156 28.20
WESA  2773 6.57 988 1.88 227 5.54
WHIM  10 0.02 1 0 0 0
WILL  26 0.06 72 0.14 4 0.10
WIPH  74 0.18 2299 4.37 0 0
WIPL  0 0 2 0 0 0
Total  42,212 52,648 4100
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imnodromus spp. In August, bird abundance increased due to vis-
Please cite this article in press as: Gomez-Sapiens, M.M., et al., Shorebird
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tations by Calidris sp. (Fig. 5).
Differences in abundance among years (from 2006

o 2008) were non-significant (p > 0.05) for Bahia Adair,
F = 0.671, p-value = 0.522). La Flor in Cienega de Santa

2
a
e
p

able 5
horebird similarity indices.

1st Sample 2nd Sample Shared species Jaccar

BA CP 19 0.68 

BA  CSC 13 0.46 

BA  IM 18 0.67 

BA  GSC 21 0.84 

BA  MA  13 0.50 

CP  CSC 15 0.60 

CP  GSC 17 0.61 

CP  IM 16 0.57 

CP  MA  13 0.52 

CSC  GSC 12 0.44 

CSC  IM 13 0.52 

CSC  MA  12 0.60 

GSC  IM 17 0.65 

GSC  MA  11 0.42 

IM  MA  11 0.44 
lara (F = 0.817, p-value = 0.425 for years 2007 and
 abundance and species diversity in natural intertidal and non-tidal
13), http://dx.doi.org/10.1016/j.ecoleng.2013.03.004

008), Isla Montague, (F = 0.537, p = 0.611 for years 2006
nd 2007). There was moderate evidence of a differ-
nce among years in the Golfo de Santa Clara (F = 3.39,

 = 0.046).

d Sorenson Morisita–Horn Bray–Curtis

0.81 0.08 0.11
0.63 0.50 0.19
0.80 0.61 0.45
0.91 0.60 0.34
0.67 0.37 0.22
0.75 0.25 0.26
0.76 0.15 0.12
0.73 0.15 0.15
0.68 0.24 0.10
0.62 0.91 0.69
0.68 0.94 0.64
0.75 0.80 0.17
0.79 0.91 0.71
0.59 0.66 0.09
0.61 0.63 0.14

dx.doi.org/10.1016/j.ecoleng.2013.03.004
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Fig. 4. Shorebirds mean seasonal abundance and standard error at the intertidal
wetlands, from August 2005 to December 2008.
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also appeared to be complimentary to seasonal visitation to other
major shorebird visitation sites on the flyway. The CRD non-tidal
. Discussion

.1. Overall abundance and species diversity of CRD and upper
ulf wetlands

During the four years of the monitoring program we recorded
4,108 shorebirds at all localities. Mellink et al. (1997) recorded
70,700 shorebirds in 1993–1994 for the same localities. However,
he area surveyed by Mellink et al. (1997) at each location was much
arger than in our surveys, since they used wide-area estimates
or their census versus our use of point counts which result in a
maller area being surveyed Nonetheless, both surveys show the
RD is a major stopover spot for migratory shorebirds on the Pacific
lyway. We  did not detect decreases in habitat use over the years of
ur study. However, total abundance from specific sampling points
hould not be considered as the only indicator of population trends
ince other variables such as turnover rates and the use of other
reas not sampled could be taking place (Morrison et al., 2001;
kagen et al., 2008; Warnock et al., 1998).
Please cite this article in press as: Gomez-Sapiens, M.M., et al., Shorebird
anthropogenic wetlands of the Colorado River Delta, Mexico. Ecol. Eng. (20

w

ands, from August 2005 to December 2008.

.2. Seasonal patterns of abundance in intertidal versus non-tidal
etlands

The seasonal patterns of abundance indicate that the inter-
idal zone had the highest use by shorebirds during winter and
pring migration periods, whereas the anthropogenic wetlands
ad highest abundance during the spring and fall migration. Bahia
dair appears to be more important in the early winter months of
ovember and December than at other times of year. Peak abun-
ances of seasonal shorebird variation in winter and spring months
t nearby staging sites in the Central Valley of California and Baja
alifornia (Palacios et al., 1991; Shuford et al., 1998) matched the
easonal patterns observed in our intertidal sites. On the other
and, sites such as the Salton Sea and Humboldt Bay show same
attern (peak abundance in spring and fall months) as our anthro-
ogenic (non-tidal) wetlands (Colwell, 1994; Shuford et al., 2002
nd Carmona et al., 2004). Thus, shorebird visitation in intertidal
nd anthropogenic wetlands were complimentary to each other,
xtending the regional habitat value of the CRD and Upper Gulf
eyond what could be provided by the intertidal sites alone. They
 abundance and species diversity in natural intertidal and non-tidal
13), http://dx.doi.org/10.1016/j.ecoleng.2013.03.004

etlands and the Salton Sea provide inland stopover sites along

dx.doi.org/10.1016/j.ecoleng.2013.03.004
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he Pacific Flyway and studies suggest connectivity between both
reas (Shuford et al., 2002).

.3. Abundance of Western Sandpipers

The peak shorebird abundances in April and August at the Salton
ea and in February in the CRD are mainly the result of the high
bundance of Western Sandpipers (Shuford et al., 2002). Our data
uggest that part of the population of Western Sandpiper is win-
ering in the intertidal zone in the CRD and other studies indicate
hat the species also winters in the Central Valley of California
nd at southern stopover sites such as Ensenada Pabellones and
ahía Santa María in Sinaloa, Guerrero Negro and Ensenada de
a Paz in Baja California Sur, México, where high relative abun-
ance (60–80%) of this species has been reported (Carmona and
anemann, 1998; Engilis et al., 1998; Fernández et al., 1998).

Western Sandpipers might also overwinter in the Salton Sea
ince highest abundances are reported in fall surveys (Shuford
t al., 2002). These birds then move south to the intertidal zone
t the CRD. Mellink et al. (1997) suggested that the same individ-
als might be using both areas. In spring, Western Sandpipers use
he CRD coastal wetlands (Golfo de Santa Clara and Isla Montague)
ut they also use the Cienega during both spring and fall as well
s the Salton Sea (Shuford et al., 1998). The migration of Western
andpiper is reported to be more compressed in time and space in
pring compared to fall (Butler et al., 1996). Clearly, Western Sand-
ipers use both intertidal and anthropogenic wetlands in the CRD,
nd display different seasonal preferences for these wetlands.

.4. Abundance of Phalaropes

In the case of highly abundant phalarope species in summer,
999 data for Salton Sea were lower than numbers observed in
he present study (Shuford et al., 2002). They found fewer than
alf as many Red-necked and Wilson’s Phalaropes as we  found in
he Cerro Prieto geothermal ponds. However, similar to our study,

 high concentration of Wilson’s Phalarope were reported to be
sing evaporation ponds during late July in the Central Valley of
alifornia, along with Red-necked Phalarope, American Avocets,
mall sandpipers and Black-necked Stilts (Shuford et al., 1998).
lthough Great Salt Lake, Utah, along with Mono Lake, California
nd Lake Albert, Oregon are reported to be the main staging areas
or Wilson’s Phalarope, anthropogenic wetlands such as Cerro Pri-
to also appear to be important during fall migration, being the
nland wetland with the highest abundance of Phalaropus (mostly
obatus) species in Northwest Mexico. The Cerro Prieto ponds rep-
esent protected feeding areas, similar to the saltworks at Guerrero
egro on the Baja California peninsula (Carmona and Danemann,
998). The species use saltworks to recover during migration on
heir route to the South America wintering areas. However, our data
uggest Phalaropes might use an alternate route during their north-
ard migration, since they were not recorded in the CRD during the

pring migration months.

.5. Shorebird usage of specific habitat features in each wetland
ystem

According to Mellink et al. (1997) the most frequently used parts
f the intertidal zone in the CRD were the mudflats between Peli-
ano and Isla Montague and the mudflats between Pelicano Island
nd the coastline of El Golfo de Santa Clara. In our surveys, however,
Please cite this article in press as: Gomez-Sapiens, M.M., et al., Shorebird
anthropogenic wetlands of the Colorado River Delta, Mexico. Ecol. Eng. (20

he areas with the highest numbers of shorebirds per sampling
nit were Cienega de Santa Clara and Golfo de Santa Clara mud-
ats. Water enters the Cienega from the U.S. at about 2–3 ppt, and

t exits at about 6 ppt at the southern end, where the shorebirds

W
d
p
m

 PRESS
Engineering xxx (2013) xxx– xxx

end to concentrate. The reduced salinity associated with this efflu-
nt may  support higher abundance or a more diverse invertebrate
ommunity on which shorebirds feed.

For the Cienega de Santa Clara there appear to have been
hanges in the dominant shorebird species assemblage, since
revious studies reported highest abundance for the species
imnodromus sp.,  C. mauri,  R. Americana and H. mexicanus (Abarca
t al., 1993; Román-Rodríguez, 2004, unpublished data), whereas
he most abundant group of species in our surveys were small sand-
ipers (Calidris sp. and mostly Western Sandpiper). The change in
he community composition may  be linked to dynamic vegetation
hanges. The sites that were monitored by this study are open shal-
ow areas with less proportion of emergent vegetation, a habitat
hat may  be preferred by small sandpipers due to a higher den-
ity of invertebrates and a lower risk of depredation (Fernández
nd Lank, 2006). The proportion of area covered by vegetation
as changed over time at this site, and the sites that were pre-
iously monitored were covered by vegetation with availability of
pen lagoons which are more often used by medium and large size
horebirds.

The data suggest that the Cienega de Santa Clara habitats might
e an important site in terms of food sources for Western Sand-
ipers and/or an alternative site when the coastal mudflats are
navailable during high tides as well as for species that showed
reference for brackish water habitats. Although further studies
re needed to determine the biological and physical character-
stics that determine shorebird habitat use in the Cienega, it
as been documented that drops in the average water inflow
4.5 m3/s) have effects on the availability of playa areas for shore-
irds (Gomez-Sapiens et al., 2013, this issue). This highlights the
eed of including the prevalence of this wetland feature as one of
any conservation goals in the water management schemes for the

ienega.
Bahía Adair represents a different system with the least influ-

nce from the Colorado River. Even though this site showed a low
ensity of shorebirds there was a high diversity and a high pro-
ortion of large size shorebirds using Bahia Adair. The different
omposition in the shorebird assemblage for this area is the result
f the diversity of habitats at the bay i.e. saltflats, mudflats, estu-
ries, rocky intertidal areas “coquinas” and sandy shores. Some
f the concerns for this recently monitored area include the con-
truction of a new highway that will facilitate increased human
ccess to nesting habitats for at least two shorebird species (Snowy
lover and Wilson Plover) and the endangered Least Tern. Addition-
lly, the highway will likely enable human development along the
oastline area close to the shorebird’s feeding and resting areas
etween Puerto Peñasco and El Golfo de Santa Clara, including
ahia Adair, which combined represents about 90% of the northern
ulf of California wetlands that currently have no major human

mpact (Glenn et al., 2006). It is remarkable that during one sur-
ey event 100% of the American Oystercatcher population reported
y Wetlands International (2006) for the Gulf of California and
estern Mexico (350 individuals) was  detected in this area. This

ighlights the importance of documenting the shorebird use of
hese habitats in undisturbed conditions in order to keep track of
ny changes in shorebirds habitat use as a result of human impacts.

Cerro Prieto geothermal ponds offer protection to birds nesting
n mounds of dredge spoils which formed islands within the brack-
sh ponds. They also provide food in the form of small fish and
quatic plants such as R. maritima. They support a high density
nd diversity of shorebirds. On the other hand, the Andrade Mesa
 abundance and species diversity in natural intertidal and non-tidal
13), http://dx.doi.org/10.1016/j.ecoleng.2013.03.004

etlands appear to be less important areas for shorebirds, perhaps
ue to their intermittent inundation patterns, smaller lagoons for
halarope species and less availability of playa areas for small and
edium size shorebird species.

dx.doi.org/10.1016/j.ecoleng.2013.03.004
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. Conclusions

Our study confirms the relevance of the CRD natural and arti-
cial wetlands for shorebirds along the Pacific Flyway. Some
pecies appear to be specialists regarding habitat selection, having
een detected only in the inland artificial wetlands (Cerro Pri-
to geothermal power plant, Cienega de Santa Clara and Mesa de
ndrade Wetlands). Moreover non-intertidal wetlands represent
lternative feeding sites for nearly all the species of shorebirds
bserved. They provide important brackish habitats and food
hains that were formerly associated with the intertidal zone
etlands when seasonal fresh water flows still reached the inter-

idal zone. Hence, maintaining the habitat value of the CRD for
horebirds will require active management steps to preserve the
ize and habitat quality of the anthropogenic wetlands in the
RD.
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ppendix 1.

List of species
Code Common name Scientific name

AMAV American avocet Recurvirostra americana
AMGP American golden plover Pluvialis dominica
AMOY American oystercatcher Haematopus palliatus
AREN Turnstones Arenaria sp.
BBPL Black bellied plover Pluvialis squatarola
BLTU Black turnstone Arenaria melanocefala
BNST Black necked stilt Himantopus mexicanus
CALI Sandpipers Calidris mauri, minutilla, alba,

alpina and others sandpipers
shorebirds size

CHAR Plovers Charadrius semipalmatus,  C.
melodus,  C. nivosus and
plovers of similar size.

DUNL Dunlin Calidris Alpina
GRYE Greater yellowlegs Tringa melanoleuca and T.

flavipes
KILL Killdeer Charadrius vociferus
LBCU Long-billed curlew Numenius americanus
LBDO Long-billed dowitcher
LESA Least sandpiper Calidris minutilla
LEYE Leaser yellowlegs Tringa flavipes
MAGO Marbled godwit Limosa Fedra
NUME Long-billed curlew and

Whimbrel
Numenius americanus or N.
phaeopus

PAGP Pacific golden plover Pluvialis fulva
PHAL Pharalopes Phalaropus tricolor,  P. lobatus

and P. fulicaria
Please cite this article in press as: Gomez-Sapiens, M.M., et al., Shorebird
anthropogenic wetlands of the Colorado River Delta, Mexico. Ecol. Eng. (20

PLUV Plovers Pluvialis sp.
REKN Red knot Calidris canutus
RNPH Red-necked phalarope Phalaropus lobatus
RUTU Ruddy turnstone Arenaria interpres
SAND Sanderling Calidris alba
SBDO Short-bill dowitcher Llimnodromus griseus
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Code Common name Scientific name

SEPL Semipalmated plover Charadrius semipalmatus
SESA Semipalmated sandpiper Calidris pusilla
SNPL Snowy plover Charadrius alexandrinus
STSA Stilt sandpiper Calidris himantopus
SPSA Spotted sandpiper Actitis macularia
SURF Surfbird Aphriza virgata
TRIN Yellowlegs Tringa flavipes or melanoleuca
UNDO Unknown dowitcher

(long-billed or short-billed)
Limnodromus scolopaceus,
and L. griseus

WESA Western sandpiper Calidris mauri
WHIM Whimbrel Numenius phaeopus
WILL Willet Tringa semipalmata
WIPH Wilson phalarope Phalaropus tricolor
WIPL Willson’s plover Charadrius wilsonia
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