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Abstract 
The coastal lagoon complex Bahía de Ceuta, Sinaloa, Mexico is a wetland protected by 
RAMSAR convention since 2007 and included in the Western Hemisphere Shorebird Reserve 
Netwrok (WHSRN) for regional importance. It hosts substantial breeding populations of four 
shorebird and one seabird species. The two species with the largest numbers of breeders are 
snowy plovers and least terns which are protected by Mexican legislation.  Here we report the 
results of our ongoing study on the reproductive ecology of snowy plovers and for the first 
time the reproductive success of least tern at Bahía de Ceuta. Fieldwork was carried out from 
18 April to 13 July.  We found 70 snowy plover nests of which 50% hatched at least one egg 
and overall produced 41 fledglings.  As in previous years, care for chicks was provided mainly 
by males. Nest number diminished by 27% in comparison with the previous season. We 
marked all 90 hatchlings and followed the majority of them until they died or fledged. In 
contrast to the low number of nests the fledgling success was high, we confirmed fledging of 
41 chicks. This may be due to the presence of water throughout the breeding season. Least 
tern breeding was strong this year. We found 328 least tern nests for which 46% hatched at 
least one egg and overall produced 137 fledglings.  We compare our results with previous 
data for both species and provide recommendations for conservation actions to improve 
reproductive success of threatened breeders at Bahía de Ceuta. 



Introduction 
Mexico has a large coastline of 11 122 km with many important sites for flora and fauna. The 
Northwest of Mexico, which includes the Península de Baja California, Sonora and Sinaloa, 
represents 5 140 km (46%) of Mexico's coastline (Vega et al. 2006). The Northwest of Mexico 
is of high relevance for many migratory and neotropical birds because they provide stopover 
and wintering areas at the Pacific Migratory Corridor (Engilis et al. 1998, Vega et al. 2006). Its 
wetlands provide key habitats suitable for large groups of migratory and resident birds 
throughout the year. In recent years, however, the wetlands have been continuously 
threatened and destroyed by, e.g. intensive agriculture, shrimp farms, human settlement. 
Therefore, it is necessary to evaluate the effect of wetland deterioration on bird diversity and 
abundance. To achieve this, data on reproductive success and population trends of bird 
species breeding in wetlands can provide useful indicators. 
 
Bahía de Ceuta 
In Sinaloa, the coastal lagoon complex Bahía de Ceuta-Tempehuaya ( 23°54 N, 106°57 W) is 
a wetland with sandy beaches, mangrove forest, deciduous rainforest and temporal salt flats. 
It is part of the central coastline of Sinaloa, between the municipalities of Culiacán and 
Mazatlán (Fig. 1). Bahía de Ceuta has been protected by RAMSAR convention since 2007 
and included in the Western Hemisphere Shorebird Reserve Network (WHSRN) for regional 
importance because it hosts about 20,000 shorebirds every year. Forty-one seabird and 
shorebird species have been reported at this wetland of which five reproduce regularly with 
significant number at this site: snowy plover Charadrius nivosus, Wilson’s plover, C. wilsonia, 
killdeer C. vociferus, black-necked stilt Himantopus mexicanus, and least tern Sternula 
antillarum. Each year during spring these birds establish reproductive territories principally in 
an abandoned salt works at the southeast of Bahía de Ceuta (Cruz-Lopez et al. 2010). 
 
Snowy plover  
The snowy plover is a small shorebird of size15-17 cm and a body mass of 30-48 g. It has 
been declared threatened species and protected by Mexican legislation NOM-059-
SEMARNAT-2010. In 2003 and 2004 personnel of PRONATURA monitored the reproductive 
success of the local snowy plover population. They found that at least 50 pairs reproduced at 
Bahía de Ceuta. The preliminary results led to the initiation of the current long term monitoring 
project. In 2007 a census to evaluate the status of the reproductive populations of snowy 
plovers in Mexico was carried out. It highlighted the significance of the Bahía de Ceuta 
population since it hosts 7% of all reproducing snowy plovers of Mexico (E. Palacios pers. 
communication, Küpper et al. 2007). Since 2006 an international group consisting of 
researchers from Harvard University, University of Bath, Universidad Autónoma de Sinaloa, 
Universidad Autónoma de Tlaxcala and Universidad Nacional Autónoma de México has 
intensively studied the population snowy plovers at Bahía de Ceuta. Among other results, the 
long term study has shown that between years the number of breeding adults varies strongly:  
2006: 203; 2007: 190; 2008: 98; 2009: 102; 2010: 132.  
 Snowy plovers are also an important study model in evolutionary biology due to the 
variation of its mating and care systems within and among populations (e.g. Warriner et al. 
1986). This variation in mating systems is poorly understood. Therefore one goal of the long-
term study is to examine the proximate and ultimate mechanisms that lead to and maintain 
this variation. 
 
Least tern  
The least tern is a marine species that reproduces in a large colonial aggregation at Bahía de 



Ceuta. The colony is located within the abandoned salt works at Ceuta (Muños del Viejo y 
Vega 2002). In Mexico, least tern has been declared a priority species for conservation as 
part of the Mexican legislation NOM 059-SEMARNAT-2010.  There is little information 
regarding the population biology and status of least tern colonies. Previous work at Bahía de 
Ceuta reported 133 nests with 38.9% of hatching success and estimated that 47.6% nests 
raised at least one fledgling (Muñoz del Viejo y Vega 2002). 
 
In 2011 we aimed to study the reproductive ecology of snowy plovers and to investigate the 
reproductive success of least tern at Bahía de Ceuta, Sinaloa, Mexico. Here we present the 
preliminary results of the work conducted in the breeding season. 
 
For our study on snowy plovers we had four aims: 
I)  Monitor the reproductive success of breeders at the abandoned salt works of Bahía de 

Ceuta, 
II)  Examine the changes in mating and care behavior throughout the breeding season,  
III)  Determine the recruitment of hatchlings from previous years to the breeding 

population, 
IV)  Identify relevant problems and challenges to make recommendations for conservation 

of this species. 
 
For our study on least tern we had three aims: 
I)  Determine the number of breeding pairs,  
II)  Determine nest fates and hatching success, 
III)  Determine fledgling success. 
 
 
Methods 
Study site 
Field work was conducted at the abandoned salt works located at Bahia de Ceuta from 18 
April to 13 July 2011. In general, we searched for breeding pairs and nests, conducted 
census, captured and measured breeding adults and freshly hatched chicks, and followed the 
families to determine chick survival. 
 

 
Figure 1. Location of the Bahía de Ceuta, Sinaloa and map of the study area. 
 
Nest search 
The salt work is divided in six zones for nest searches (Fig. 2). We used mobile hides and 
telescopes to locate nests. For this the hide was positioned in an open area to attain the 
widest view and with the telescope we scanned the surrounding areas for nesting birds. We 



looked for adults with typical territorial behavior, incubating birds and birds displaying an 
“injured faking behavior” as indicators for nests (Székely et al. 2008). We marked each nest 
and recorded its geographic position with a GPS. For each nest, we measured the length and 
width of each egg to obtain its volume (± 0.1 mm) after the clutch was completed. If complete 
nests were found we determined the laying and estimated hatching date by the flotation 
method according to Székely et al. (2008).  The incubation period of snowy plovers and least 
terns is about 25 days. We monitored each nest every week until they reached an age of 20 
days and after that we checked them daily to determine the hatching success.   
 

 
 
Figure 2. Subdivision of the salt work at Bahía de Ceuta.  
 
Chick and adult captures 
Snowy plover adults were captured during incubation after the clutch was completed using 
funnel traps. We captured males at night and females during their incubation bout early in the 
morning or in the afternoon. Every adult was marked with a unique combination of three 
plastic and one numbered metal ring. We measured tarsus and wing length, body mass and 
obtained a blood sample (50 µl) from the brachial vein (Székely et al. 2008).   
 Snowy plover chicks are precocial and leave the nest within a few hours after hatching. 
Therefore it is necessary to mark the chicks during the hatching day when they are still in or 
around the nest. Each chick within a family was marked with one plastic and one numbered 
metal ring. We measured tarsus length and body mass and a blood sample (25 µl) was 
obtained from the tarsus vein. 
 All captures and handling procedures complied with the current laws of Mexico (Ley 
General de Equilibrio Ecológico y Protección Ambiental LGEPA).       
 
Chick survival  
To determine chick survival we used different protocols for snowy plovers and least terns.  
Snowy plover families are highly mobile during chick rearing, thus we observed the feeding 
territories from the hide every day to locate and identify adults and chicks present according 



to their color rings. This allowed us to assess which and how many chicks survived up to 
fledging (age of 25 days). When a family was located we recorded the position and distance 
to the observer to facilitate subsequent mapping. We registered which parent tended which 
chick during 15 min observations. We considered a brood as deserted if a parent was absent 
for three consecutive observations. Since we did not mark least tern adults or chicks we 
counted the number of chicks and fledglings present at the abandoned saline every three 
days. 
 
 
Results 
Reproductive ecology of snowy plovers 
We found a total of 70 snowy plover nests in the abandoned salt works at Bahía de Ceuta in 
2011. The first nest was laid on 15 April whereas the last nest was laid on 6 July. Figure 3 
shows the fate of these nests: 35 nests (50%) hatched at least one egg; 15 nests (21%) were 
flooded (14 of these were flooded during bad weather spells on 3 / 4 July); 11 nests (16%) 
were lost due to predation; 7 nests (10%) were abandoned and 2 nests (3%) were trampled 
by cows. Hatching success declined along the breeding season and all nests laid after 15 
June failed (Figure 4).  
 

 
Figure 3. Nest fate of 70 snowy plover nests found at Bahía de Ceuta during the breeding 
season in 2011. 
 



 
Figure 4. Seasonal changes in snowy plover hatching success at Bahía de Ceuta during 
2011. 
 
 In total we captured 93 adult snowy plovers: 46 males and 47 females. Thirty-nine 
individuals (55%) were observed for the first time as breeding adults at Bahía de Ceuta (17 
males and 22 females). Only 6 out of these 39 were chicks hatched at Bahía de Ceuta in 
previous years whereas the remaining 33 were immigrants from unknown places.  The 
number and proportion of breeders hatched at Bahía de Ceuta and the amount of immigrants 
was similar in both sexes: 14 females hatched at Ceuta and 33 hatched at an unknown 
breeding site, whereas 12 males hatched at Ceuta and 34 hatched at an unknown breeding 
site (Fig. 5). 
 

 
Figure 5. Proportion of breeders hatched or immigrated to Bahía de Ceuta in the breeding 
season 2011. 
 
 In 2011 we marked only 90 hatchlings, which represents a 47% decline in number of 
chicks compared to 2010 (173 hatchlings). All chicks were marked at their nest or within a few 
meters of the nest. We recaptured 14 chicks throughout the season and 6 of these received 
an adult ring combination 20-25 days after hatching.  
 We determined the fate of 35 families. Twenty-two families produced at least one 
fledgling and in total we recorded 34 fledglings up to 8 July. During a subsequent visit on 13 
July we found seven more fledglings, so that the total number increased to 41 fledglings. For 



families in which at least one chick fledged, females deserted their mate and chicks in 20 
families and only in two families both parents stayed together to provide care. Female 
abandoned the brood on average 3.6 days after hatching, however, there were five families 
with no register of female presence on hatching day.  After day 6 male uniparental care was 
predominant (Figure 6). 
 

 
Figure 6.  Parental care for 35 families in breeding season 2011.  The red line represents 
male only care whereas the yellow line represents biparental care. 
 
 The majority of plovers only managed to produce one clutch. However, 11 females 
established two or more clutches and only two males established a second nest.  One pair 
laid 3 clutches, although all of them failed due to abandonment or flooding.   
 
Reproductive success of least terns 
We located 328 nests with 616 eggs in the salt flats of Bahía de Ceuta.  Of these 152 nests 
(46%) hatched at least one chick, 78 nests (24%) were predated; 41 nests (12%) were 
abandoned; 29 nests (9%) were flooded; and for 23 nests (7%) fate was unknown (Fig. 7).  
The laying period peaked on the first three weeks of May (Fig. 8): 184 nests (56%) were laid 
the first week of May and 82 (25%) were laid on the second week of May.  In the last census 
on July 8th we counted a total of 137 fledglings. 
 

 

 

 



 

 

Figure 7. Nest fate of 328 least tern nests found at Bahía de Ceuta during the breeding 
season in 2011. 
 

 
Figure 8.  Frequency of least tern nests found  at Bahía de Ceuta during the 2011 breeding 
season. 
 

 

Discussion 
Breeding ecology of Snowy plovers 
In 2011, we followed the breeding population of snowy plovers at Bahía de Ceuta, Sinaloa for 
sixth consecutive year.  Our results show that season 2011 had the lowest number of nests 
registered in our long-term monitoring.  Compared to season 2010 (n = 96 nests) we 



registered a 27% decrease in the number of nests for season 2011 (n = 70 nests).  Until 
beginning of May, the number of adults present at the zone was high but, the water level on 
the salt work remained unusually high so that few plovers found nesting space. We conclude 
that water level at the beginning of the season restricted the breeding activity and prevented 
many snowy plovers from breeding. It is likely that these plovers moved away from Ceuta and 
attempted to breed elsewhere at less suitable sites. In previous years, the abandoned salt 
works was totally dry by the end of May and during most of June (Küpper et al. 2009a).  In 
contrast, this year the site was covered by at least 30% of its area throughout the entire 
breeding season. Only half of the nests hatched and most nests failure occurred at the end of 
the season after two nights of rainstorms that flooded 14 nests. These results highlight the 
need to manage water influx to the salt work since stochastic variation of water flux impacts 
negatively on shorebird populations at Bahía de Ceuta. 
 Despite a large number of fledglings in 2010 (n = 43) we observed only six recruits to 
the breeding population at Bahía de Ceuta.  At two further nests one of the parents was a 
recruit, but we failed to capture them before the nests were flooded during early July 
thunderstorm so their identity remains unknown.  It is possible that further fledglings from 
2010 dispersed in the beginning of the breeding season because of the harsh competition for 
nesting sites and attempted to breed at other coastal sites in Sinaloa. 
 Despite the poor nesting success, conditions were favorable for raising chicks.  In total 
we recorded 41 fledglings up to 13 July, and during the last census we observed six families 
with 13 chicks older than 15 days still alive. Consequently, we estimate the final number of 
fledglings close to 50 birds in 2011. The high levels of water in the salt works over the 
breeding season provided enough food to all chicks and parents that reached the watershed 
and this resulted in a substantial increase of chick survival probabilities. These finding 
suggests that water level is related to chick survival via two processes: first, by improving the 
foraging environment and secondly, by providing a suitable habitat for plant species that can 
help to hide chicks from predators.   
 As in previous years, we noted that females had on average more breeding partners 
than males. Most females with more than one nesting attempt changed their mate. Females 
that bred twice in the season with the same partner were those that failed to successfully 
hatch their first clutch due to predation or flood.  In Ceuta's population females commonly 
desert the brood and look for new partners whereas males provide post-natal parental care. 
During season 2011, most females deserted their broods. Interestingly, families with 
biparental care occurred late in the season and both parents cared for the chicks beyond our 
last observation on 13 July. Simultaneously, resources decreased and at the few remaining 
foraging sites a large number of plovers competed aggressively for food.  Therefore, the 
females may have stayed with the brood late in the breeding season to defend their chicks 
from other adult attacks and to increase the brood survival prospects. 
 Overall, our observations on snowy plover reproduction show that balancing the water 
levels along the breeding season remains an urgent task. Water management is required to 
prevent flooding of the nests during high tides throughout the breeding season and to provide 
enough suitable brood habitats for plover families throughout the breeding season. 
Appropriate water management will improve the reproductive success of these endangered 
shorebird. 
 

Reproductive success of least tern 
The number of nests that we found during the 2011 breeding season (n = 328) was much 
higher than those found by Muñoz del Viejo y Vega in 2002 (n = 133).  This result suggest 
that population has expanded over the last years at Bahía de Ceuta.  However, since we did 



not mark least terns individually it remains unknown whether the individuals that failed to or 
fledged their chicks early in the season laid a second clutch.   
 Forty-six percent of least tern nests hatched at least one egg which represents a 7% 
increase in hatching success compared to season 2002.  Although nest predation was high 
(24%) and 7% of nests were flooded at the end of the breeding season together with snowy 
plover nests we recorded a total of 137 fledglings during the last census.  Future studies are 
necessary to determine the average fledgling success and population size and these studies 
should include individual marking of adults and chicks.   
 

Environmental education and conservation  
 This year we launched a number of internet resources to promote the Ceuta Snowy 
Plover Project and address topics and concerns on snowy plover conservation and behaviour.  
We highlighted the struggle of three males and three females that bred at Bahía de Ceuta.  
We provided information regarding the reproductive status of these birds every 4-7 days.  In 
addition we posted information about the biology of other shorebirds species that reproduced 
in the abandoned salt work, the environmental education program we presented to the La 
Cruz de Elota community and reports and experiences of field workers during the breeding 
season.  An important outcome of this project was the exchange of ideas with other 
people/researchers/organizations interested in the biology and conservation of snowy plovers 
around the world. Feedback was generally positive. During the field season the site registered 
200 daily visits and 100 people became regular followers. 
 We participated in activities organized by Conservación, Investigación y Servicios 
Ambientales CISA A.C. involving both children and adult local people. The elementary school  
Laura Aguilar Barraza located at La Cruz visited the field work site and we presented our work 
and discussed the importance of conservation with the children of this school. In addition we 
presented a seminar on the workshop eco-guides to local people with the aim of providing 
them scientific and technical information to observe birds and monitor nests.  We also 
highlighted environmental services that birds and good ecosystems provide and the 
importance of conservation actions.  This training was successful since later a number of local 
eco-guides reported nests found by themselves in adjacent areas.  We think it is worthwhile to 
present our work to local people since their actions can maintain and improve the 
conservation of shorebirds. 
 
Recommendations 
Protection of Bahía Ceuta.  Despite the importance of the salt work of Bahía de Ceuta for 
threatened snowy plover and least tern conservation and many other rare animals and plants, 
the zone still does not have an appropriate protection status. The only protected area at Bahía 
de Ceuta is the beach, where every year around 200 turtles arrive to breed. Increasing the 
area under protection to include the abandoned salt works and salt flats where many ground 
nesting birds breed should be a priority for conservation. 
 
Water management.  It is necessary to control water flow to avoid flooding of nests and 
provide food and suitable habitat for the families in the abandoned salt work at Bahía de 
Ceuta.  Managing the water income to the salt work will allow a longer breeding season for all 
ground nesting breeders at this site, provide adequate nesting conditions and elementary 
resources such as food and brood habitat during the entire breeding season. 
 
Restoration of the abandoned salt work.  Deterioration of the dams, dykes and channels is 
progressing with every year threatening the nesting area and may ultimately lead to the 



collapse of the breeding populations of snowy plover, least tern and other ground nesting 
birds. The dykes that divide the salt pans have decomposed by natural and anthropogenic 
causes and need to be replaced or restored. The main dyke that divides the abandoned salt 
work from the bay is severely damaged with some parts completely destroyed. Thus, water 
income cannot be control.  Mangroves are invading the breeding territories leading to further 
conservation conflicts and it may be necessary to relocate these plants to other more 
appropriate zones. We propose to restore the dykes and manage mangrove and other 
invading plants (Salicornia spp among others) since it will ensure conservation of birds 
reproducing within the abandoned salt work. 
 
Research. The successful long-term monitoring of snowy plovers breeding at Bahía de Ceuta 
needs to be continued.  It should be accompanied by other studies on species that inhabit the 
site since it may show a number of positive and negative interactions between breeders. For 
instance, it is necessary to assess the effect of direct competition or interference between 
species at the brood habitats during chick rearing. Continuing the research project will also 
help teach and train local students in field methods. 
 
Environmental education.  Education programs, excursions and seminars for local people 
carried out by local NGOs such as CISA A.C. start to have a positive impact. Further 
programs are encouraged. For example, the expansion of the museum for turtle conservation 
to include other aspects of biodiversity should be considered. This will improve protection and 
conservation of the area which may create sustainable employment opportunities for local 
people in eco-tourism and environmental education. 
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