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Abstract.—While several methods have been employed to estimate shorebird abundance 28 

and productivity, little attention has been given to differences in methods used to collect these data. 29 

Within central North America, Interior Least Tern (Sternula antillarum athalassos; here after, 30 

Least Tern) and Piping Plover (Charadrius melodus) monitoring is often accomplished through 31 

surveys from a distance or within the nesting colony. Four years of season-long monitoring were 32 

implemented from within (inside) and outside the nesting colonies at off-channel nesting sites 33 

along the central Platte River to compare differences of productivity components and estimates. 34 

Inside monitoring efforts resulted in more nests and early-development chicks being detected 35 

resulting in lower nest and brood survival estimates than outside monitoring efforts estimated. Less 36 

older Least Tern chicks were observed by outside monitoring crews, but more older Piping Plover 37 

chicks and fledglings were observed by inside monitoring efforts. More Least Tern fledglings and 38 

higher fledglings per brood were observed from outside the nesting colony which, when combined 39 

with lower breeding pair counts, would result in higher fledge ratios. Given the ability to estimate 40 

differences between survey technique observations, lower effort monitoring from outside the 41 

colony can result in reasonable estimates of abundance and productivity measures. 42 
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Extensive monitoring of avian species has occurred throughout the world for a multitude 51 

of reasons. Shorebirds have been the subjects of successful population monitoring due their 52 

locations of breeding activities, colonial nature, and role as indicators of ecosystem health 53 

(Kushlan 1993, Diamond and Devlin 2003). Within central North America, Interior Least Tern 54 

(Sternula antillarum athalassos; here after, Least Tern) and Piping Plover (Charadrius melodus) 55 

breeding productivity has been monitored and utilized to compare regional differences and 56 

population trends (Larson et al. 2000, Haig et al. 2005, Lott et al. 2013, Catlin et al. 2016). 57 

Several methods have been employed to estimate Least Tern and Piping Plover abundance and 58 

productivity including single mid-June surveys on the Mississippi River (Lott 2006), periodic 59 

inside the nesting area (hereafter, inside) and/or outside the nesting area from a distance 60 

(hereafter, outside) monitoring on the lower Platte River (Brown et al. 2017), season-long 61 

periodic inside monitoring on the Missouri River (Shaffer et al. 2013), and season-long inside 62 

and/or outside monitoring on the central Platte River and more recently on the Missouri River 63 

(PRRIP 2015, Andes et al. 2018). Even though many different monitoring protocols have been 64 

practiced, little attention has been given to differences in methods used to collect productivity 65 

and abundance data (Shaffer et al. 2013).  66 

Proximity of observers to nests and nesting colonies is an important consideration 67 

between monitoring techniques for shorebirds. Survey proximity has been investigated for only 68 

the most extreme differences. Aerial surveys tend to underestimate abundance numbers 69 

compared to nesting site (i.e., inside) searches (Savereno 1992). Inside surveys can also result in 70 

extensive productivity information unattainable by outside surveys such as egg floating for nest 71 

initiation dates and chick banding for individual survival estimations (Roche et al. 2016, Baasch 72 

and Keldsen 2018). However, inside surveys require short-term colony disturbances which have 73 



been linked to higher nest failure rates and decreased reproductive success of colonial nesting 74 

species (Carney and Sydeman 1999, Blackmer et al. 2004, Carey 2009, Seefelt and Farrell 2018). 75 

Consideration of additional stressors and suppressing productivity through investigators entering 76 

nesting sites are especially important for threatened and endangered species. Outside monitoring 77 

can greatly decrease investigator disturbance, but the comparable accuracy to inside methods is 78 

less well understood (Hillman et al. 2013). 79 

Least tern and Piping Plover monitoring has been accomplished through both inside and 80 

outside methods (Hillman et al. 2013, Roche et al. 2016). On the central Platte River, monitoring 81 

from outside the nesting colony (generally 20 m – 200 m away from nests) has been used to 82 

evaluate Least Tern and Piping Plover productivity since the early 1990s (Jenniges and Plettner 83 

2008). Nesting has primarily been documented on off-channel sandpits created by sand and 84 

gravel mining operations and through efforts to construct similar, peninsula-type nesting habitat 85 

through excavation activities (Jenniges and Plettner 2008, Baasch et al. 2017, Baasch and 86 

Keldsen 2018, Farrell et al. 2018). These habitats are highly accessible to investigators, but only 87 

outside surveys were conducted for several decades to minimize potential effects of investigator 88 

presence on Least Tern and Piping Plover productivity (Jenniges and Plettner 2008).  89 

From 2009-2016 the U.S. Geological Survey - Northern Prairie Wildlife Research Center 90 

(USGS) assisted the Platte River Recovery Implementation Program (PRRIP) with implementing 91 

a study protocol that included grid-search surveys from within the nesting colony (inside 92 

monitoring) and to band and re-sight Least Tern and Piping Plover adults and chicks at nesting 93 

sites within the PRRIP Associated Habitat Area (PRRIP 2015). During 2013 – 2016, double-94 

blind survey techniques were implemented from both inside and outside nesting colonies at all 95 

sites with nesting Least Terns or Piping Plovers. Duplicating monitoring efforts allowed us to 96 



obtain and compare independent estimates of reproductive measures between techniques. The 97 

objective of this study was to quantify differences in Least Tern and Piping Plover productivity 98 

metrics including: 1) observed nest period duration; 2) nest and chick counts; 3) breeding pair 99 

and fledgling counts; and 4) nest and brood survival. Our findings allowed us to better 100 

understand the influence of survey effort on estimates of productivity and abundance.  101 

METHODS 102 

Study Area 103 

The Associated Habitat Reach for the PRRIP is a 145-km reach extending from 104 

Lexington, Nebraska, downstream to Chapman, Nebraska, USA, and encompasses central Platte 105 

River channels and off-channel habitats (sandpits and constructed off-channel sand and water 106 

sites) within 5.6 km of the river (Fig. 1). PRRIP and Nebraska Public Power District maintained 107 

eight managed, off-channel nesting sites through 2016 that incorporated both inside and outside 108 

monitoring techniques and were utilized for this study. Management activities at each site 109 

included predator fencing and trapping, pre-emergent herbicide application, and tree removal.   110 

During the 2013 – 2016 nesting seasons, eight managed, off-channel sites where nesting 111 

was documented were monitored from inside as well as outside the nesting area intensively (i.e., 112 

at least twice per week) through early September or until the cessation of nesting or brood-113 

rearing activities of both species. We implemented double-blind survey techniques so that both 114 

inside and outside survey crews were unaware of observations made by the other crew. Given the 115 

intensity of survey effort for both techniques, inside and outside surveys generally occurred on 116 

the same day or within one day of each other. Piping plovers initiate nests earlier in the year (late 117 

April) than Least Terns (mid- to late May) in our study area and monitoring season duration was 118 

set to capture all breeding activities of the two species (PRRIP 2015, Baasch and Keldsen 2018). 119 

Monitoring objectives included locating and documenting Least Tern and Piping Plover adults, 120 



nests, chicks, fledglings, and breeding pairs. Inside surveys involved systematic, 10-m grid 121 

searches with 4-6 evenly spaced investigators entering colony sites and walking through nesting 122 

areas to identify nest locations and chicks at least twice per week (2013–2016; PRRIP 2015, 123 

Keldsen and Baasch 2017). Given inside surveys were conducted with numerous combinations 124 

of 8 individuals where 4-6 people were generally used during each inside survey of each site, 125 

comparisons between observers was not possible. In addition, fledglings were documented by 126 

inside survey crews based on band combinations observed during river and other survey efforts.  127 

Outside surveys were performed at least twice per week for at least 30 minutes with 128 

binoculars and spotting scopes at a distance of greater than 50 m from outside the nesting sites. 129 

On days inside surveys preceded outside surveys at a site, a rest period of at least 1 hour was 130 

enforced between the end of inside and beginning of outside surveys to allow displaced adults 131 

and chicks to settle into pre-survey behavior patterns. Only 1 outside surveyor was used at each 132 

site annually so comparisons between observers was not possible. During each outside survey, 133 

sites were visually scanned at least 5 times from multiple locations. Outside nests were identified 134 

by the presence of an incubating adult as outside monitoring personnel only entered the nesting 135 

colony to confirm nest fates when necessary. When an active nest was located by either survey 136 

method, the date was recorded as “first observed” and a GPS point was recorded for the location. 137 

Active nests were defined as any scrape containing 1 or more viable eggs. Active nests were 138 

monitored at least twice per week until successful (≥1 chick observed hatched), failed (evidence 139 

of nest destruction or abandonment), or unknown fates (no evidence present) were determined. If 140 

a brood was observed, but the associated nest was not, the brood was included in our analysis. 141 

Broods were considered fledged when chicks were observed in sustained flight or were observed 142 

at 21 (Least Tern) or 28 (Piping Plovers) days of age (PRRIP 2015). Nests or broods with 143 



unknown fates were considered to have hatched or fledged if observed as active for at least 21 144 

(Least Tern) or 28 (Piping Plovers) days during either reproductive stage. Breeding pair 145 

estimates were obtained using methods outlined in Baasch et al. (2015). 146 

We compared inside and outside monitoring survey components including number of 147 

days a nest was observed (nest exposure days), number of days a brood was observed (brood 148 

exposure days), number of chicks <15 days old per brood, average number of chicks ≥15 days 149 

old per brood, and number of fledglings per brood using two-tailed, two-sample t-tests 150 

incorporating an alpha level of 0.05. Nest and brood direct measures of productivity (i.e., overall 151 

and annual breeding pair and fledgling counts) were visually inspected and interpreted annually. 152 

To evaluate indirect measures of productivity (i.e., nest and brood survival), we used several 153 

pieces of survey information including: 1) the day the nest or brood was found; 2) the last day 154 

the nest or brood was active; 3) the day the nest or brood was fated as successful or failed; and 4) 155 

nest or brood fate (successful or fledged=0, respectively, or failed=1). Days were standardized to 156 

only include the entire breeding season for both Least Terns and Piping Plovers, which we 157 

designated as 15 April to 15 September.  158 

We calculated nest and brood daily survival rate (DSR) to obtain incubation and brooding 159 

period survival rates (DSRn) separately for each species where n was 21 days for Least Tern 160 

nests and broods and 28 days for Piping Plover nests and broods. Nest or brood fate logistic 161 

regression models were developed, with a logit link function, using the nest survival models in 162 

package RMARK in Program R for both nest and brood survival analyses using monitoring 163 

technique as an explanatory variable (Rotella et al. 2000, Dinsmore et al. 2002, Laake 2013, R 164 

Development Core Team 2017). To test for statistical differences between monitoring 165 

techniques, chi-square tests were performed to compare the null model and model including 166 



survey technique within the nest survival modeling framework in Program MARK (White and 167 

Burnham 1999). Additionally, we performed our nesting and brood-rearing period survival 168 

modeling effort to obtain annual estimates of nest and brood survival using each survey 169 

technique.   170 

RESULTS 171 

Nest and chick counts for Least Terns and Piping Plovers were generally greater based on 172 

inside versus outside monitoring in any given year from 2013 to 2016 (Table 1).  Least tern nests 173 

and chicks were observed, on average, for a similar number of exposures days regardless of 174 

technique (Table 2). Overall, inside survey crews observed more young Least Tern chicks than 175 

outside survey crews but no difference was found between average number of Least Tern chicks 176 

that were <15 days old within a brood (Table 2). However, outside survey crews observed more 177 

Least Tern chicks ≥15 days old, chicks ≥15 days old per brood (t674.10= -4.13, P = <0.001), 178 

fledglings, and fledglings per brood (t662.80 = -4.12, P = <0.001) than inside survey crews. 179 

Inside survey crews observed more Piping Plover nests and broods than outside survey 180 

crews (Table 1). Piping plover nests were observed longer by inside survey crews than outside 181 

survey crews (t282.58 = 4.51, P = < 0.001), whereas Piping Plover brood exposure days were 182 

similar between survey methods (Table 2). Contrary to Least Terns, inside survey crews counted 183 

more overall Piping Plover chicks and fledglings. Inside survey crews observed more <15 days 184 

old chicks per brood than outside survey crews (t296.36 = 2.34, P = 0.02) but both techniques 185 

observed a similar number of ≥15 days old chicks and fledglings per brood (Table 2). 186 

Annual breeding pair estimates obtained from inside surveys data, calculated following 187 

methods outlined in Baasch et al. (2015), and were higher than those obtained from outside the 188 

colony for Least Terns and Piping Plovers (Table 1; Fig. 2). Outside monitoring of Piping Plover 189 



fledgling counts were lower for three of four years, which is largely attributable to observations 190 

of fledglings off their natal site during river and other survey efforts (Fig. 2D). Inside survey 191 

crews documented 3, 8, 4, and 5 fledglings via band combinations during river surveys in 2013–192 

2016, respectively and other observations likely occurred off site as well. The opposite was 193 

observed for Least Terns, where outside monitoring crew fledgling counts were higher for all 194 

years (Fig. 2B). Combining breeding pair and fledgling estimates, annual Least Tern fledglings 195 

per breeding pair obtained from within the nesting area were lower than estimates obtained by 196 

outside survey crews while comparison of annual Piping Plover fledglings per breeding pair was 197 

variable (Fig. 3). Given the stable differences in annual breeding pair estimates obtained from 198 

surveys conducted inside and outside the nesting colonies (Fig. 2A, 2C), we applied an 199 

adjustment factor to breeding pair counts to display a more realistic estimate for fledglings per 200 

breeding pair for outside survey crews. We calculated the difference between breeding pair 201 

estimates obtained during inside and outside surveys and divided this by the number of breeding 202 

pairs observed by inside survey crews to estimate the proportion of breeding pairs not 203 

documented by outside survey crews. We estimated outside survey crews failed to observe 7.9% 204 

of Least Tern and 12.6% of Piping Plover breeding pairs. This resulted in applying breeding pair 205 

adjustment factors of 1.079 for Least Tern and 1.126 for Piping Plover breeding pairs which 206 

resulted in a reduction of outside survey fledge ratios by 7.3% and 11.2%, respectively (Fig. 3). 207 

We observed variable results in our nest and brood survival estimates between inside and 208 

outside monitoring of Least Terns and Piping Plovers. Average nest survival estimates were 209 

higher for inside survey crews than outside survey crews, especially for Piping Plovers (χ1
2 = 210 

4.416, P = 0.036; Fig. 4). Inside survey crews obtained higher estimates of Piping Plover nest 211 

survival during three out of four years (Fig. 5). Least tern average brooding period survival rate 212 



was higher for outside monitoring (χ1
2 = 13.997, P = <0.001), but somewhat lower for Piping 213 

Plovers (Fig. 4). Least tern brood survival estimates were higher for outside monitoring crews 214 

during all years (Fig. 5). 215 

DISCUSSION 216 

Several methods have been employed to estimate shorebird abundance and productivity 217 

throughout their range. While we found many similarities between inside and outside monitoring 218 

techniques at nesting sites along the central Platte River, inside monitoring efforts resulted in 219 

more nests and early-development chicks being detected so excluding these nests and chicks 220 

from survival analyses resulted in higher estimates of survival from outside the nesting area. 221 

Reduced detection of nests from outside the nesting colony was likely related to an inability to 222 

observe nests due to visual obstruction of the terrain and not observing nests during the early 223 

initiation phase when adults were not tending nests regularly which can lead to biases for several 224 

productivity measures (Shaeffer et al. 2013). While Piping Plovers fledgling counts were higher 225 

for inside surveys overall, more Least Tern fledglings and fledglings per brood were observed 226 

from outside the nesting colony, which would result in higher direct productivity measures such 227 

as fledge ratios (i.e., fewer nests or breeding pairs + higher fledgling counts = higher fledge 228 

ratios). Although differences between monitoring techniques were observed, both techniques 229 

described direct productivity on the central Platte River as near or above the proposed 230 

productivity estimates for species recovery in the region (Lutey 2002). 231 

Off-channel sites have accounted for >95% of Least Tern and Piping Plover nests and 232 

broods along the central Platte River since 2001 and productivity at these sites is highly 233 

important to the local populations (Baasch et al. 2017). Four years of intensive monitoring at off-234 

channel nesting sites provided sufficient data to compare monitoring techniques from inside and 235 



outside the nesting colony and their influence on central Platte River Least Tern and Piping 236 

Plover productivity estimates. Though colony disturbance has been linked to higher nest failure 237 

rates and decreased reproductive success of colonial nesting species (Carney and Sydeman 1999, 238 

Blackmer et al. 2004, Carey 2009), we did not observe a noticeable decrease in productivity 239 

associated with inside monitoring efforts which is similar to findings of Roche et al. (2014) on 240 

the Missouri River.  241 

Least tern and Piping Plover nest and young chick counts were lower along the Missouri 242 

River when survey duration was protracted (Shaffer et al. 2013). Shaffer et al. (2013) reported 243 

detectability of Least Tern chicks increased with age, but detectability of Piping Plover chicks 244 

was more constant as chicks aged due to precocial development and behavior. Differences in 245 

detectability of older Least Tern chicks due to behaviors of older chicks (e.g., hiding under 246 

objects and in depressions) and adults (e.g., flying, dive-bombing, etc.) as investigators entered 247 

the nesting area likely explain the lower estimates of brood survival for inside crews in our study 248 

as well. Our results indicate monitoring of Least Tern breeding development through early chick 249 

rearing stage is similar between methods whereas inside survey chick detectability was lower 250 

relative to outside survey detectability for older chicks close to fledging. Lower detectability may 251 

have led to inside surveys fating broods with chicks capable of sustained flight prior to 21 or 28 252 

days of age as unknown or failed when outside survey crews fated these chicks as fledged.  253 

More Least Tern fledglings were counted by outside surveys in our study for several 254 

possible reasons. When investigators enter nesting sites, adults take flight and mobile chicks flee 255 

observers or move to safety to avoid perceived threats (Conover and Miller 1979, Burger 1982). 256 

Adult Least Terns may even mob investigators, adding additional sensory complications for 257 

inside survey investigators (Burger 1989). Chicks at fledging age may take flight when 258 



investigators enter the nesting site, further complicating inside survey counts when many 259 

fledglings are observed together. Fledglings will also leave their natal areas possibly in search of 260 

nesting habitat for subsequent years; a behavior that has been termed “prospecting” (Friedrich et 261 

al. 2015, Davis et al. 2017). This prospecting behavior by fledglings could potentially result in 262 

fledglings being counted at multiple sites from outside the survey area when band combinations 263 

cannot be read and correctly associated with a nest. These Least Tern behaviors can result in 264 

decreased estimates of fledglings perceived by inside surveys and results in lower direct 265 

productivity measures as compared to outside surveys.  266 

Regardless of monitoring technique, Least Tern productivity was similar to past 267 

productivity measures on the central Platte River when only outside monitoring occurred 268 

(Jenniges and Plettner 2008, Roche et al. 2016). From 1979 to 2003, 1.13 Least Tern fledglings 269 

per nest were observed at managed, off-channel nesting sites on the central Platte River 270 

(Jenniges and Plettner 2008). We observed similar Least Tern fledglings per breeding pair, but 271 

studies from other areas were dissimilar. On the lower Platte River during 1987–1990, overall 272 

Least Tern fledglings per breeding pair was only 0.47 and no annual fledge ratio on sandpits 273 

exceeded 0.64 for Least Terns (Kirsch 1996). However, more recent fledge ratios on off-channel 274 

sites on the lower Platte River were similar to what we observed (Brown and Jorgenson 2008, 275 

2009, 2010, Brown et al. 2011). Extensive management of off-channel nesting sites in the central 276 

Platte River could account for increased productivity observed in the region (Jenniges and 277 

Plettner 2008). Limited on-site disturbance, predator trapping, moating of the nesting area, and 278 

fences to limit land-access to nesting areas for mammalian predators are all utilized in the central 279 

Platte River to increase breeding productivity of Least Terns and Piping Plovers and may 280 

account for the increased productivity compared to other areas (Baasch et al. 2017, Farrell et al. 281 



2018). Management activities at lower Platte River off-channel nesting sites include nesting site 282 

perimeter flagging and individual nest enclosures for Piping Plover nests, where the latter 283 

appears to result in productivity levels that are similar to what has been observed along the 284 

central Platte River (Kirsch 1996, Brown and Jorgenson 2008, 2009, 2010, Brown et al. 2011).  285 

While it appears all monitoring efforts that employ multiple surveys, especially during 286 

the peak of the breeding season, would provide reasonable estimates for tracking long-term 287 

trends in shorebird population abundance, some methods appear to provide better estimates of 288 

nest and chick survival parameters. Andes et al. (2018) found inside monitoring on a 3-day 289 

return interval resulted in reliable estimates of fate and causes of nest loss. While we found 290 

similar results, it is important to note that monitoring from outside the nesting area can result in 291 

reliable estimates of productivity as well, so long as the nesting areas can be adequately 292 

observed. The best method of survey to employ is highly dependent on the objectives of the 293 

study, availability of resources, and access to the nesting sites. Inside monitoring efforts seem to 294 

provide the most precise estimates of abundance and daily nest and chick survival; however, the 295 

techniques used in our study required 4-6 times the labor force and associated costs as outside 296 

monitoring efforts which also resulted in reasonable estimates of abundance and productivity 297 

measures when sites were viewable from multiple angles from outside the nesting colony. 298 

Understanding breeding productivity based on varying monitoring techniques is important for 299 

species with wide breeding distributions and several distinct, but interconnected populations 300 

(Roche et al. 2010, Lott et al. 2013). Given the relative stability between differences in breeding 301 

pair estimates between survey techniques, we were able to adjust our productivity estimates to 302 

obtain more informed estimates of the number of breeding pairs, and thus fledge ratios, 303 

documented from outside the nesting colony. By accounting for differences among techniques, 304 



more appropriate comparisons of productivity would allow conservation programs to make better 305 

decisions to reach recovery goals for species with large spatial distributions.  306 
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Table 1. Comparison of total counts from inside and outside monitoring of nesting colonies 466 

for Interior Least Tern (top) and Piping Plover (bottom) breeding pairs, nests, chicks <15 467 

days old (Chicks <15 D), chicks ≥15 days old (Chicks ≥15 D), and fledglings (Interior Least 468 

Tern = 21 days old; Piping Plover = 28 days old). 469 

Interior Least Tern 

Technique Breeding Pairs Nests Broods  Chicks <15 D  Chicks ≥15 D Fledglings 

Inside  261 424 251 554 230  192 

Outside 242 357 201 409 294 256 

 

Piping Plover 

Technique Breeding Pairs Nests Broods  Chicks <15 D  Chicks ≥15 D Fledglings 

Inside  116 156 113 380 206  142 

Outside 103 143 95 285 166 117 
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Table 2. Nest or brood specific average (x̅) and standard deviation (SD; ±) comparison of monitoring techniques from inside 486 

and outside the nesting colony for Interior Least Tern (top) and Piping Plover (bottom) nest exposure days, brood exposure 487 

days, average number of chicks <15 days old from each brood (LessThan15d), average number of chicks ≥15 days old from 488 

each brood (MoreThan15d), and average number of fledglings (Interior Least Tern = 21 days old; Piping Plover = 28 days old) 489 

observed from each brood (Fledglings). 490 

Interior Least Tern 

Technique  Nest Exposure Days Brood Exposure Days LessThan15d MoreThan15d Fledglings 

Inside  16.75 (± 6.41) 15.10 (± 6.24) 1.31 (± 1.23) 0.54 (± 0.84)* 0.45 (± 0.76)* 

Outside 16.27 (± 7.27) 16.14 (± 5.97) 1.15 (± 1.13) 0.82 (± 1.04)* 0.72 (± 0.99)* 

 

Piping Plover 

Technique Nest Exposure Days Brood Exposure Days LessThan15d MoreThan15d Fledglings 

Inside  23.96 (± 7.66)* 19.65 (± 9.00) 2.44 (± 1.67)* 1.32 (± 1.52) 0.91 (± 1.25) 

Outside 19.64 (± 8.81)* 18.66 (± 7.98) 1.99 (± 1.60)* 1.16 (± 1.37) 0.82 (± 1.22) 

      

*Indicates a statistically significant difference between inside and outside monitoring techniques. 491 



 
 

FIGURE CAPTIONS 492 

Figure 1. Associated Habitat Reach of the central Platte River extending from Lexington, 493 

NE downstream to Chapman, NE including eight managed, off-channel nesting sites that 494 

were included in the productivity monitoring analyses. 495 

Figure 2. Annual estimates of Interior Least Tern (top) and Piping Plover (bottom) 496 

breeding pairs (A, C) and fledglings (B, D) observed using inside (black) and outside (gray) 497 

monitoring techniques on eight, central Platte River off-channel nesting sites, 2013–2016.  498 

Figure 3. Annual Interior Least Tern (A) and Piping Plover (B) fledglings per breeding 499 

pair estimates using inside (black) and outside (grey) monitoring techniques on eight, 500 

central Platte River off-channel nesting sites, 2013–2016. Dashed lines represent adjusted 501 

fledgling per breeding pair estimates for outside survey crews to account for known nests, 502 

and thus breeding pairs, not detected by outside monitoring crews (see Fig. 2). 503 

Figure 4. Estimated nesting- (nest) and brood-rearing (brood) period survival rates, with 504 

95% confidence intervals, obtained by monitoring from inside (black line) and outside 505 

(dashed line) the nesting colony for Interior Least Tern (LETE) and Piping Plover (PIPL). 506 

Figure 5. Estimated annual nesting- (nest) and brood-rearing (brood) period survival rates, 507 

with 95% confidence intervals, obtained by monitoring from inside (black line) and outside 508 

(dashed line) the nesting colony for Interior Least Tern (LETE; A, B) and Piping Plover 509 

(PIPL; C, D).  510 
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