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Abstract  23 

Monitoring key ecological attributes helps land managers understand the current state of the 24 

resource and determine needed actions. We assessed whether reduced sampling intensity of 25 

winter goose populations at Nestucca Bay National Wildlife Refuge, Oregon, affected 26 

management-relevant inferences about species status and trend. Using sub-sampled survey data 27 

(2007–2019), we evaluated whether lower sampling frequencies maintain accurate and precise 28 

population estimates and trend detection. We analyzed five metrics: first arrival date, peak 29 

abundance date, maximum count, last departure date, and goose use days. Two alternative 30 

sampling schedules—fortnightly (every other week) and monthly—were compared to the status 31 

quo weekly sampling. Fortnightly, but not monthly, sampling produced estimates only slightly 32 

biased (≤4% lower) and similarly precise to weekly sampling. Season start and end were 33 

consistent across schedules, but peak day and maximum count varied more with reduced 34 

sampling. Detecting a 5% mean annual change in total goose use days with 80% power required 35 

7–8 years of data, regardless of sampling intensity. Aleutian geese showed similar power, while 36 

Dusky Canada geese required over a dozen years to detect the same trend. Power increased with 37 

the mean:variance ratio, indicating more abundant species were better sampled for trend 38 

detection. 39 

In conclusion, reducing sampling from weekly to fortnightly had minimal impact on status and 40 

trend inferences, improving efficiency without compromising data quality. Optimizing the 41 

sampling schedule for wintering waterfowl balances cost and staff time constraints without 42 

sacrificing data quality. 43 

 44 
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 46 

 47 

Key Points: 48 

• Winter goose patterns are hard to track due to survey cost and timing. We examined how 49 

reducing survey frequency affects results. 50 

• Counting geese every two weeks gives trends similar to weekly surveys, while monthly counts 51 

miss important peaks and timing. 52 

• Biweekly surveys offer accurate and efficient long-term monitoring, though detecting small 53 

changes still takes many years. 54 

 55 

Keywords: monitoring, sampling intensity, survey design, waterfowl, white-cheeked goose 56 
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Introduction 58 

The National Wildlife Refuge system is a national network of lands and waters for the 59 

conservation, management, and, where appropriate, restoration of biological resources for the 60 

benefit of the American people (National Wildlife Refuge System Administration Act, 16 U.S.C. 61 

§668dd). Resources devoted to these activities are limited, however, requiring refuge biologists 62 

to prioritize biological resources and subsequent management actions. Because of these limits, 63 

this prioritization often entails foregoing activities in some areas to ensure successful 64 

management in others. As a result, one management activity routinely omitted is ecological 65 

monitoring. The largest portion of an ecological monitoring program budget is usually spent on 66 

data collection, leaving other essential elements under-resourced such as sampling design, 67 

training, data management, quality assurance, analysis, and reporting (Caughlan and Oakley 68 

2001). Thus, when opportunities arise for reducing monitoring activities with little cost to the 69 

resource, sound management dictates their consideration in hopes of increased efficiencies (Field 70 

et al. 2005). 71 

Monitoring the status and trends of biologically relevant endpoints of management 72 

interest is an essential aspect of the National Wildlife Refuge System’s Inventory and Monitoring 73 

Program (USFWS 2014). Ostensibly, this monitoring informs an adaptive management approach 74 

referred to as Strategic Habitat Conservation (National Technical Assistance Team 2008, 75 

Thogmartin et al. 2011), wherein changes to populations attributed to a management action may 76 

lead to revision of management goals. National Wildlife Refuges routinely conduct wintering 77 

period surveys of waterfowl abundance to inform habitat management programs (Aagaard et al. 78 

2015, Kumar and Rice 2021) with the aim of improving recreational opportunities and species 79 

abundance. 80 
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A key question in designing a wildlife monitoring scheme pertains to sample size, i.e., 81 

how much sampling is enough? If sample sizes are inadequate, resulting estimates of the 82 

ecological attributes may be imprecise and therefore provide little insight into the population of 83 

interest and possibly delay detection of any changes. However, if sample sizes are too large, the 84 

information provided may be high quality but come at the expense of not being able to apply the 85 

needed resources elsewhere. Numerous studies have explored trade-offs between sampling 86 

frequency, intensity, and the precision of ecological estimates (e.g., Urquhart et al. 1998, 87 

Thogmartin et al. 2007, Weiser et al. 2019). These studies emphasize the importance of aligning 88 

sampling design with monitoring objectives, available resources, and the temporal and spatial 89 

variability of the target species. Such insights are particularly relevant for refuges like Nestucca 90 

Bay National Wildlife Refuge, where efficient monitoring is essential for informed management 91 

decisions within a constrained operational environment. 92 

Nestucca Bay National Wildlife Refuge was established along the central Oregon, USA, 93 

coast in 1991 to protect and enhance habitat for Dusky Canada Geese (Branta canadensis 94 

occidentalis; hereafter Dusky Geese) and Aleutian Cackling Geese (B. hutchinsii leucopareia; 95 

hereafter Aleutian Geese) (USFWS 2013). Dusky Geese populations declined significantly in the 96 

mid-1980s leading to hunting restrictions and, in 2015, to an end to hunting of Dusky Geese in 97 

the Northwest Permit Zone (southwest Washington and northwest Oregon; WDFW and ODFW 98 

2015). In 1982, due to population declines, Aleutian Goose harvest was halted in Oregon coastal 99 

areas, including the Pacific City area where the Semidi Islands segment of Aleutian Goose 100 

(Hatch and Hatch 1983) historically used refuge lands. For Nestucca Bay National Wildlife 101 

Refuge to achieve its objective of optimizing management for overwintering geese (e.g., Goal 9; 102 

USFWS 2013), understanding status and trend in species abundance while minimizing costs and 103 
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staff time is essential. We examined various sampling schemes to determine whether it is 104 

possible to reduce the frequency of on-going sampling while maintaining the statistical accuracy 105 

of species abundance estimation. Kumar and Rice (2021) pursued a similar interest but examined 106 

three methods of spatial subsampling, aiming to reduce the proportion of a refuge needing to be 107 

sampled on each survey occurrence. Here, our objectives were to evaluate potential bias, changes 108 

to precision, and power to detect trend in management-relevant endpoints (overwinter state, 109 

trend, and temporal patterns in goose abundance) from reduced temporal sampling intensity. 110 

 111 

Methods 112 

 113 

Study area 114 

 115 

Nestucca Bay National Wildlife Refuge is, as of 2025, a 1,253 acre (507 ha) refuge situated in 116 

Tillamook County, Oregon “where the Nestucca and Little Nestucca rivers converge and 117 

debouch into the Pacific Ocean” (USFWS n.d.; Figure 1). Nestucca Bay is a tidal marsh that has 118 

been converted in large parts to pasture through the creation of berms and tide gates, limiting the 119 

range of water levels caused by the tide (Meyer and Beatty 2006). Habitat types within the 120 

refuge include short grass pastures actively managed using cooperative agriculture (~one-third of 121 

all habitat), marsh, bog, forested wetlands, upland and coastal meadows, tidal marsh, estuarine 122 

shoreline, and tidelands. Non-refuge habitat for geese is largely adjacent pasture held in private 123 

ownership. Both the refuge and adjacent private lands provide winter forage for geese. 124 

White-cheeked geese consist of eleven subspecies that are grouped into two Branta geese 125 

species, Canada Goose (Branta canadensis) and Cackling Goose (Branta hutchinsii) (Mowbray 126 
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and others 2016b). Six of these subspecies winter in Nestucca Valley including Cackling Goose 127 

(Branta hutchinsii minima; hereafter Cackling Goose), Taverner's Cackling Goose (B. h. 128 

taverneri; hereafter Taverner’s Goose), Aleutian Cackling Goose (hereafter Aleutian Goose), 129 

Lesser Canada Goose (Branta canadensis parvipes; hereafter Lesser Goose), Dusky Canada 130 

Goose (hereafter Dusky Goose), and Western Canada Goose (B. c. moffitti; hereafter Western 131 

Goose). Taverner’s Geese are smaller than the Dusky and Western, about the same size as the 132 

Lesser, and larger than the Cackling (Taverner’s is the largest of the Cackling Goose subspecies). 133 

 134 

Survey description 135 

 136 

Standardized surveys for geese in the non-breeding season (October-April) were conducted from 137 

winter 2007–2008 to winter 2023–2024. Sampling consisted of an intensive area-search of field 138 

units during which observers (agency staff and volunteers) recorded all geese detected to 139 

subspecies except for Taverner’s Geese and Lesser Geese, which, because of morphological 140 

similarity, makes separate identification difficult; thus, these two subspecies were combined in 141 

all counts. When geese could not be identified to subspecies, they were attributed to an 142 

Unidentified Goose category. 143 

Counts were conducted roughly weekly through the overwinter period aside from a 144 

couple weeks at the end of December. Counts in winter 2007–2008, the first year of the survey, 145 

were initiated late compared to subsequent years, biasing first arrival dates and goose-use-days. 146 

Surveys in winter 2019–2020 were disrupted by the pandemic. Thus, these two years were 147 

excluded from analysis. Sampling in 2020–2021 did not occur. 148 
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Aside from the first year in which surveys were conducted (winter 2007–2008), usually 149 

two and never more than three observers conducted counts of geese overwintering in Nestucca 150 

Valley. Count duration was quite variable and averaged 15–20 min/field unit but could exceed 1 151 

h for some units depending on the number of geese present or if there were multiple collars read. 152 

As with other large-scale waterfowl monitoring programs (Kumar and Rice 2021), there was no 153 

consistent way to account for detection probability because of the variety of habitats and species 154 

surveyed. More on the study area and sampling methods is described in Herner-Thogmartin et al. 155 

(in press). 156 

 157 

Analysis 158 

 159 

Five metrics were calculated for each sampling schedule, including the status quo weekly 160 

sampling schedule. These annual metrics were first arrival date, peak date of abundance, 161 

maximum count, last departure date, and goose use days (Herner-Thogmartin et al., in press). 162 

Dates were the number of days since 1 October. Goose use days were calculated with the 163 

trapezoid method (using the pracma package’s trapz function; Borchers 2024); the trapezoid 164 

method approximates the area under a curve by summing the areas of trapezoids formed between 165 

each pair of consecutive counts and in doing so provides a time-integrated measure of seasonal 166 

goose abundance. All analyses were conducted in the statistical programming language R 167 

(version 4.4, R Core Team 2024) and data and example scripts are publicly available (So et al. 168 

2025, Thogmartin et al. 2025). 169 

Sample Design Evaluation—For each metric quantifying goose wintering behavior, we 170 

evaluated sampling sufficiency under reduced survey effort by deterministically subsampling the 171 
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full weekly count series. Weekly data were treated as the reference dataset. We then created two 172 

fortnightly subsamples (retaining only odd- or even-numbered survey weeks) and four monthly 173 

subsamples (retaining separately observations from the first, second, third, or fourth survey week 174 

of each month). For each subsampled dataset, all abundance and phenology metrics were 175 

recomputed directly from the observed counts using the same functions applied to the weekly 176 

data. No bootstrapping, resampling, or simulated data were used in these comparisons. We 177 

assessed the effect of reduced sampling by comparing the mean, variance, coefficient of 178 

variation, quantile ranges, and correlations of the reduced-interval metrics to those obtained 179 

under weekly sampling. 180 

 181 

Power to Detect Trend—We also evaluated the influence of sampling interval on the 182 

power to detect a long-term change in goose-use days. Because of annual variation in goose 183 

counts, preliminary analysis confirmed it was not feasible to detect a one-year changein goose-184 

use days with any reasonable power (analysis not shown). Thus, we calculated the number of 185 

years required to detect a 5% annual change in goose-use days with 80% power and a false-186 

positive rate (α) of 0.10. For each sampling design (weekly, fortnightly odd and even), we used 187 

the same empirical weekly survey data applied under the Sample Design Evaluation. Goose-use 188 

days were recalculated for each time series under alternative sampling intervals. To isolate 189 

annual variability from long-term change, we first detrended each historical time series, 190 

removing systematic declines in abundance. A 5% annual decline was then imposed by setting 191 

the slope of a linear model to correspond to a 5% decrease per year, while retaining the observed 192 

residual variance. Power was estimated using simulation by repeatedly fitting a linear regression 193 

of goose‑use days on year and evaluating the two‑sided test of the slope at α = 0.10. Power was 194 
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defined as the proportion of simulations in which the slope was detected, and adequate power 195 

was taken as the point at which the lower bound of the simulation‑based 95% confidence interval 196 

exceeded 0.80. 197 

Species-specific Analyses—We then repeated these sample sufficiency and power 198 

analyses for the most commonly occurring five geese species, focusing on the two geese species 199 

of greatest management concern, Aleutian and Dusky Geese. Further, we examined the 200 

relationship between power and the mean:variance relationship for the five most common geese 201 

surveyed at Nestucca Bay National Wildlife Refuge to assess the extent to which more precise 202 

measures of goose-use days might improve inferential ability of the surveys.  203 

 204 

Results 205 

 206 

Sampling intensity  207 

 208 

Differences among sampling schemes were relatively few (Table S1, Figure S1, S2). Mean all-209 

goose goose use days estimates were, aside from one fortnightly sampling interval, significantly 210 

lower for alternative sampling schemes compared to the estimate based on status quo weekly 211 

sampling (by more than 100,000 goose use days or 13.7% in one instance), but the precision of 212 

the estimates as depicted by coefficient of variation and confidence interval width indicated the 213 

alternative sampling schemes were generally similarly precise to the status quo weekly sampling 214 

scheme (Figure 2, Table S1).  215 

Weekly sampling typically began in early October and ended in late April. Reduced 216 

sampling intensity often led to a delay in identifying the first arrival date, at least when sampling 217 
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was reduced to once per month (Table S1). This delay was as great as 11 days. There was little 218 

effect of sampling intensity on determining the last departure date. 219 

The greatest discrepancies occurred with the annual maximum count and the peak date of 220 

abundance. Annual maximum counts were 11.5 to 36.1% lower, depending on the alternative 221 

(Table S1); the imprecision in the estimates as described by the coefficient of variation were 222 

generally higher (except for one fortnightly sampling alternative). Similarly, identification of the 223 

peak date of abundance was, at times, delayed nearly 50 days but with some alternatives 224 

identified as occurring significantly earlier than the status quo. 225 

Sampling every other week as opposed to once monthly was generally more similar to the 226 

status quo weekly sampling, providing similar goose use days (albeit 1.6–3.9% lower) with 227 

similar precision and similar arrival, peak, and departure dates in at least half of the fortnightly 228 

sampling alternatives. Sampling once per month was comparatively unreliable in returning 229 

metrics of similar value to the status quo. 230 

 231 

Power to detect trend  232 

 233 

Given the comparatively incongruous results from monthly sampling, we compared the power to 234 

detect a trend in goose-use days for the status quo weekly and alternative fortnightly sampling 235 

intervals. Power to detect a trend in goose-use days differed little between status quo weekly and 236 

every other week (fortnightly) sampling intervals. Power to detect changes of 5% with 80% 237 

power generally required seven or eight years irrespective of sampling intensity (Figure 3). 238 

 Similar power was observed for Aleutian Geese, with eight years required to detect a 5% 239 

trend for monthly sampling and 7–9 years required for fortnightly sampling (Figure 4). We 240 
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estimated less power to detect a trend for Dusky Geese; using a conservative criterion (lower 241 

95% CI ≥ 80% power), the Weekly schedule reached adequacy at 14 years, the Even schedule at 242 

13 years, and the Odd schedule at 16 years. When the trend to be detected was 10%, the power to 243 

detect reached 80% at approximately eight years (not shown).  244 

Aleutian and Dusky Geese were the most evenly abundant species at the refuge, leading 245 

to high mean:variance goose-use days ratios, with ratios of ~2.5:1. Cackling and Taverner’s / 246 

Lesser Geese (as a combined species group) were closer to 2:1 and Western Geese were ~1:1. 247 

Power among these species linearly scaled with this mean:variance relationship (β = 0.21, p = 248 

0.006, adj. R2 = 0.92), tripling between Western and Cacking Geese, for instance, indicating that 249 

the regularly occurring abundant geese species were better sampled for detecting trend in annual 250 

goose use. 251 

 252 

Discussion 253 

 254 

We assessed whether a reduction in sampling intensity at Nestucca Bay National Wildlife 255 

Refuge, from every week in winter to fortnightly or monthly, would materially change the 256 

inferences managers draw about goose status and trend. We found estimates of total goose use 257 

days were only slightly biased low (no more than 4%) and were similarly precise under 258 

fortnightly sampling. In contrast, monthly sampling proved unreliable for characterizing peak 259 

abundance and maximum counts, metrics that are sensitive to short, sharp pulses in use, and 260 

introduced delays in detecting first arrival. Similar results occurred for each species as well.  261 

 Beyond point estimates, managers often need to understand how quickly real changes 262 

become detectable. Here, the power analyses demonstrated that high interannual variability in 263 
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goose abundance, not the intra-season interval between surveys, dominated the effort required to 264 

detect modest trends. Detecting a 5% annual change in total goose use days with 80% power 265 

typically required 7–8 years of data, irrespective of weekly versus fortnightly sampling. Species 266 

differences mirrored their mean:variance relationships with more abundant and regularly 267 

occurring geese achieving adequate power sooner, while less common or more variable species 268 

(e.g., Dusky Geese) generally requiring a decade or more to detect changes of similar magnitude. 269 

Alternatively, aiming to diagnose trends of 10% or more or accepting a higher rate of falsely 270 

detecting a trend when one does not occur are both likely to lead to more readily observable 271 

differences in goose-use days over time. Regardless, reducing the sampling intensity from 272 

weekly to every other week had little discernible effect on the power to detect a trend.  273 

Thus, it appears Nestucca Bay National Wildlife Refuge could reduce the intensity of its 274 

monitoring activity from weekly to every other week while maintaining adequate inferences for 275 

management decisions. If arrival and departure timing are important refuge considerations, 276 

weekly sampling for the first and last months of the season could eliminate bias (Table S1) but 277 

still achieve cost and staff time savings from a seasonal reduction in sampling intensity during 278 

the intervening months. 279 

Although our evaluation focused on optimizing sampling intensity for refuge‑specific 280 

management objectives, wintering goose dynamics are shaped by processes operating at larger 281 

spatial and ecological scales, including migratory connectivity, regional population trajectories, 282 

weather‑driven distributional shifts, and landscape‑level habitat availability across the Pacific 283 

flyway (Golas et al. 2025). Consequently, site-level patterns at Nestucca Bay reflect both local 284 

management and broader regional forces. The reliability of fortnightly sampling should therefore 285 

be interpreted as the quality of local inference given typical year-to-year variability imposed in 286 
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large measure by flyway-scale drivers. Thus, continued cooperation with regional and 287 

flyway‑scale monitoring and management efforts (Pacific Flyway Council 2006, 2015) remains 288 

essential for situating refuge-level monitoring within a larger management context. These 289 

findings translate into clear, practical guidance. First, adopting a fortnightly schedule is 290 

compatible with robust inference on seasonal use and overall trend for the wintering goose 291 

assemblage. Second, if precise phenology (arrival and departure timing) is a priority, weekly 292 

visits during the shoulder months (early October and late April) could eliminate timing bias 293 

while preserving efficiency in mid-season. Third, resources freed by reduced survey intensity 294 

could be invested in other critical elements; for monitoring, for instance, heightened effort in 295 

training. quality assurance/quality control, and reporting could be improved. Reduced sampling 296 

intensity affords the Refuge the opportunity to redirect effort to other priorities with minimal 297 

consequences to inferences on status and trend. Because many Refuges operate with limited staff 298 

capacity, applying this type of retrospective subsampling analysis to their own long‑term datasets 299 

could similarly reveal where survey effort could be reduced while maintaining biologically 300 

meaningful estimates. 301 

An important caution is advised. If the Refuge should want to partition status and trend 302 

according to strata, such as ownership (e.g., public versus private) or habitat categories, sampling 303 

intensity may need to be reevaluated considering these new criteria. Partitioning geese by strata 304 

is likely to reduce mean abundance and, possibly, elevate the variance in counts as geese move 305 

within the season among strata, leading to a reduced power to detect trends. Such stratification 306 

also intersects with broader landscape‑level realities, as public lands often shoulder a 307 

disproportionate share of providing reliable forage during energetically demanding spring 308 

migration, when access or management on adjacent private lands may be more variable. 309 
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Regardless of sampling intensity, more than a half dozen years are required to detect 310 

modest trends in these wintering geese populations. Given disruptions to sampling incurred by 311 

the recent Covid-19 pandemic, it is natural to ask what the consequences to trend detection 312 

would be if sampling was skipped in some years. Weiser et al. (2019), studying sampling 313 

intensity for monarch butterflies (Danaus plexippus), found that sampling breadth (years) had a 314 

stronger effect on statistical power than sampling intensity (number of visits within years) in 315 

large part because of high inter-annual variability in species abundance. Because goose 316 

abundance exhibits substantial interannual variability, reducing survey frequency from annual to 317 

biennial intervals would likely delay detection of moderate population trends while still 318 

permitting the identification of more pronounced changes in abundance (Herbert and Weseloh 319 

2003). However, whether such reduced sampling intensity would allow for robust attribution of 320 

observed population changes to specific causal factors remains uncertain (Carpenter et al. 1989). 321 

In summary, reducing winter survey frequency from weekly to every other week provides 322 

a pragmatic path to greater efficiency without compromising the core inferences required for 323 

management at Nestucca Bay National Wildlife Refuge. The approach retains accurate and 324 

precise estimates of seasonal use, preserves power to detect modest trends at the time scales 325 

dictated by interannual variability, and can be tailored to protect phenological resolution where 326 

needed. Looking ahead, the most promising refinements could involve (i) testing stratified 327 

designs where management questions demand them, (ii) exploring dynamic scheduling (e.g., 328 

temporary increases around anticipated peaks), and (iii) strengthening data systems to ensure that 329 

field efficiencies translate into durable, high-quality information for decision making across the 330 

refuge and the broader Pacific Flyway. 331 
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National Wildlife Refuges are faced with many competing demands and limited 332 

resources. As such, using available resources as efficiently as possible is imperative for 333 

successfully attending to the National Wildlife Refuge System’s mission. Reducing effort in one 334 

area allows for increased effort in another, a matter of conservation triage (Bottrill et al. 2008). 335 

Embedding this resource allocation decision in the context of the myriad other choices faced by 336 

refuge management is the next step for optimal allocation of wildlife management resources.  337 
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 453 

Figure Captions 454 

Figure 1. White-cheeked geese overwinter on the U.S. Fish and Wildlife Service Nestucca Bay 455 

National Wildlife Refuge (in green) and on adjacent private land along the coast of north-central 456 

Oregon, USA 457 

 458 

Figure 2. Mean and coefficient of variation of goose use days (with 95% confidence intervals) by 459 

sampling interval simulated from historical goose surveys at Nestucca Bay National Wildlife 460 

Refuge, Oregon, USA. Weekly sampling is the status quo (as denoted by dashed line); the 461 

remaining sampling intervals are reduced sampling intensity alternatives. 462 

 463 
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Figure 3. Power to detect a trend in all-goose goose-use days from overwinter sampling 464 

conducted at Nestucca Bay National Wildlife Refuge, Oregon, USA, at weekly or fortnightly 465 

(every two weeks) intervals. The values in parentheses are the proportional magnitude of change 466 

(5% or 10%) in goose-use days to be detected. 467 

 468 

Figure 4. Species-specific power to detect a change in goose-use days of 5% for the weekly and 469 

fortnightly sampling intervals for Aleutian and Dusky geese at Nestucca Bay National Wildlife 470 

Refuge, Oregon, USA.  471 
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Figure 4. Species-specific power to detect a change in goose-use days of 5% for the weekly and 488 

fortnightly sampling intervals for Aleutian and Dusky Geese at Nestucca Bay National Wildlife 489 

Refuge, Oregon, USA.  490 
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Supplemental Table 1. Summary statistics for five metrics describing wintering geese abundance 491 

and phenology in Nestucca Valley, Oregon, 2007-2019, under varying scenarios of sampling 492 

intensity. Dates are measured in days since 1 October. SD = standard deviation; CV = coefficient 493 

of variation; Interval width is the span between the upper (97.5%) and lower (2.5% CL) 494 

confidence limits. 495 

Metric 

Sampling 

Interval 

Mean SD CV 

2.5% 

CL 

97.5% 

CL 

Interval 

Width 

Goose Use 

Days 

Weekly 

Sampling 

873,256 207,277 0.237 585,26

0 

1,245,32

6 

660,067 

 
Twice Monthly, 

Odd 

859,980 224,927 0.262 566,70

6 

1,268,30

6 

701,600 

 
Twice Month, 

Even 

839,128 192,912 0.230 529,98

4 

1,165,24

4 

635,260 

 
Monthly, First 

Week 

800,709 192,957 0.241 480,99

7 

1,093,81

0 

612,813 

 
Monthly, Second 

Week 

793,602 244,049 0.308 489,97

0 

1,240,57

8 

750,609 

 
Monthly, Third 

Week 

753,673 177,098 0.235 452,89

9 

1,054,06

0 

601,161 

 
Monthly, Fourth 

Week 

797,137 191,747 0.241 533,02

3 

1,155,19

4 

622,171 
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Annual 

Maximum 

Count 

Weekly 

Sampling 

2077 681 0.328 1073 2924 1851 

 
Twice Monthly, 

Odd 

1836 769 0.419 813 2924 2111 

 
Twice Month, 

Even 

1763 586 0.332 923 2809 1886 

 
Monthly, First 

Week 

1618 593 0.366 742 2696 1954 

 
Monthly, Second 

Week 

1562 765 0.489 740 2924 2184 

 
Monthly, Third 

Week 

1328 574 0.432 832 2547 1715 

 
Monthly, Fourth 

Week 

1504 683 0.454 709 2646 1937 

        

Arrival 

Date 

Weekly 

Sampling 

24.9 20.1 0.808 4 77.5 73.5 

 
Twice Monthly, 

Odd 

24.1 10.8 0.447 13 52 39 

 
Twice Month, 

Even 

19.3 8.85 0.458 4 32 28 
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Monthly, First 

Week 

26.3 9.57 0.363 4 34 30 

 
Monthly, Second 

Week 

35.8 17 0.475 13 67 54 

 
Monthly, Third 

Week 

26.4 12.9 0.488 14 46 32 

 
Monthly, Fourth 

Week 

28.1 10.3 0.365 21 52 31 

        

Peak Date Weekly 

Sampling 

98.6 49.8 0.505 23.4 191 167 

 
Twice Monthly, 

Odd 

102 62.5 0.612 22 193 171 

 
Twice Month, 

Even 

135 44.9 0.333 32 200 168 

 
Monthly, First 

Week 

147 43.5 0.296 32 200 168 

 
Monthly, Second 

Week 

96.7 53.7 0.556 37 183 146 

 
Monthly, Third 

Week 

92.5 47.6 0.514 43 160 117 

 
Monthly, Fourth 

Week 

120 64.4 0.538 22 193 171 



Herner-Thogmartin HH, So KJ, Stephensen SW, Thogmartin WE. 2026. Reduced survey 

intensity has minimal impact on goose status and trend estimation at a Pacific Northwest refuge. 

Northwest Science 99(4): in press. 

 

Note: This article has been peer reviewed and accepted for publication in Northwest Science. 

Copy-editing may lead to differences between this version and the final published version. 

        

Departure 

Date 

Weekly 

Sampling 

190 11.9 0.062 178 204 26 

 
Twice Monthly, 

Odd 

198 9.78 0.050 179 207 27.6 

 
Twice Month, 

Even 

198 8.37 0.042 179 203 24.6 

 
Monthly, First 

Week 

198 8.37 0.042 179 203 24.6 

 
Monthly, Second 

Week 

193 13.4 0.069 177 207 30.4 

 
Monthly, Third 

Week 

184 8.16 0.044 166 189 23.9 

 
Monthly, Fourth 

Week 

189 10.8 0.057 166 197 31.2 

 496 

 497 

  498 



Herner-Thogmartin HH, So KJ, Stephensen SW, Thogmartin WE. 2026. Reduced survey 

intensity has minimal impact on goose status and trend estimation at a Pacific Northwest refuge. 

Northwest Science 99(4): in press. 

 

Note: This article has been peer reviewed and accepted for publication in Northwest Science. 

Copy-editing may lead to differences between this version and the final published version. 

Figure S1. Mean (A) and coefficient of variation (B) of goose abundance and phenological 499 

behavior by sampling interval simulated from historical goose surveys at Nestucca Bay National 500 

Wildlife Refuge, Oregon, USA. Weekly sampling is the status quo (as denoted by dashed line); 501 

the remaining sampling intervals are reduced sampling intensity alternatives. Error bars represent 502 

95% Confidence Intervals for both the means and coefficients of variation. 503 
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Figure S2. Mean (A) and coefficient of variation (B) of Aleutian and Dusky goose abundance 510 

and phenological behavior by sampling interval simulated from historical goose surveys at 511 

Nestucca Bay National Wildlife Refuge, Oregon, USA. Weekly sampling is the status quo (as 512 

denoted by dashed line); the remaining sampling intervals are reduced sampling intensity 513 

alternatives. 514 
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