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Simple Summary

It is important to investigate the ecological effects of agricultural land use changes to ensure their
long-term sustainability. We examined bird community use of energycane fields in southern Florida.
Using acoustic monitoring, we found no difference in avian species richness or occurrence rates
between study plots and time periods. These results suggest that bird communities are not negatively
impacted by energycane cropping systems in southern Florida

Abstract

Birds are important indicators of ecosystem health and provide a range of benefits to society. It is
important, therefore, to understand the impacts of agricultural land use changes on bird populations.
The cultivation of energycane (EC) — a sugarcane hybrid - for biofuel production represents one form
of agricultural land use change in southern Florida. We used passive acoustic monitoring (PAM) to
examine bird community use of experimental EC fields and other agricultural land uses at two study
sites in southern Florida. We deployed 16 acoustic recorders in different study plots and identified
30 focal bird species. We found no difference in avian species richness or occurrence rates between
EC plots and reference agricultural fields (corn fields, orchards, pastureland) or between time periods
(pre-planting, post-planting). Our data supports previous research on some species- and taxonomic-
specific responses to sugarcane. Overall, our results suggest that avian communities utilize EC
cropping systems similar to other agricultural land uses in southern Florida.

Keywords: bioenergy; ecology; agriculture; land use change; sugarcane; BirdNET

1. Introduction

The United States is projected to be capable of producing up to 1.5 billion tons of biomass
annually under a mature future market scenario [1]. This estimated biomass production is expected
to come from multiple sources including agricultural and forest residues, dedicated energy crops,
algae, and municipal solid waste [1]. High-yielding perennial grasses will likely comprise most of the
biomass production coming from dedicated energy crops. Due to the varying eco-physiological
conditions on which perennial grasses inherently grow and thrive, the choice of which species or
cultivars to grow vary by region to maximize yields. Energycane (Saccharum spp hybridd), a sugarcane
hybrid, is considered a top dedicated biomass crop [2], especially for the coastal plains of the U.S.
Southeast due to its sub-tropical climate suitability. Past studies showed that energycane (EC)
outperformed other important biomass crops (e.g., hybrid poplar, switchgrass, miscanthus, sorghum,
etc.) in the sub-tropical and tropical regions [3,4]. For instance, in marginal soils of Florida, EC
produced 30-34 Mg/ha dry biomass, outperforming other perennial bioenergy grasses [4,5]. As a deep
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rooting and high-yielding crop, EC could help provide a sustainable supply of biomass required to
produce fuels for the hard to electrify sector of the transportation industry such as aviation, in
addition to biomass-based chemicals and materials. EC production at scale could also help revitalize
the rural economy particularly the U.S. Southeast citrus industry which is significantly affected by
citrus greening [6] by providing an alternative crop production system. There is a need to understand
how this proposed EC production system impacts biodiversity, especially local bird populations
since large-scale biomass production could drive considerable changes in landscape configuration
that have significant implications for bird species [7].

Birds offer a range of benefits to society including provisioning, supporting, regulating, and
cultural services. They contribute to provisioning services through products and raw materials that
have market value (e.g., eggs and meat, feathers, guano as fertilizer, etc.) [8-11]. As predators,
pollinators, seed dispersers, nutrient recyclers, and biodiversity maintainers, they provide
supporting services that are not only critical for maintaining ecosystem balance but also for food
security [9-13]. Two of the primary regulating services they provide include scavenging of carcasses
which helps maintain ecosystem and public health and controlling agricultural pests which
contributes to crop productivity [8,10,11]. Aside from the ecological roles, birds are important because
of their aesthetic, recreational, cultural, and spiritual significance, enriching human well-being and
culture through birdwatching and by inspiring works of art and folklore [8,9,13].

While bird populations vary in their responses to changes in land use and land cover associated
with biomass production [14], nesting birds can be impacted by the loss of suitable habitats from
large-scale monocultural corn production for ethanol [15]. A more recent study found that advanced
switchgrass cultivars in the marginal croplands of the U.S. Midwest has the potential to contribute to
the conservation of grassland birds, which are among the species to experience population declines
across the nation, through replacement of lost habitats [16]. Crop management plays an important
role in determining the impacts of perennial biomass crop production on bird population and
diversity. Harvest timing, for instance, could optimize the tradeoffs between maximizing biomass
yield and wildlife habitat, especially for ring-necked pheasants (Phasianus colchicus) [17].

There is a paucity of information about the ecological impacts of EC production for bioenergy.
EC production systems may affect bird community structure (i.e., species richness) since it could
change seasonal landscape vegetation composition. In this study, we used passive acoustic
monitoring (PAM) to examine the avian community use of EC production in southern Florida. Aided
by advancements in artificial intelligence (Al) to improve species call recognition (e.g., BirdNET [18]),
PAM has become a widely implemented tool for ecologists and natural resource managers to monitor
bird communities (e.g., [16, 19-21]). Recent studies have shown that automated approaches using
PAM can sometimes outperform more traditional methods of estimating avian species richness such
as point count surveys [21]. We used PAM and BirdNET to determine whether avian species richness
and occurrence patterns differed by monitoring location (e.g., EC experimental plots, reference areas)
and between time periods (before planting, after planting).

2. Materials and Methods

2.1. Study Site Location and Experiment Plot Layout

This study was conducted at two agricultural research sites in southern Florida, USA. One was
located at the Everglades Research and Education Center (EREC), Belle Glade, FL, while the other
was located at the Indian River Research and Education Center (IRREC), Fort Pierce, FL (Figure 1).
Both EREC and IRREC are owned by the University of Florida.
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Figure 1. Monitoring locations at (A) EREC and (B) IRREC in this study. The geographic locations of these study
sites in the state of Florida are shown in the inset.

The EREC site (26.66°N, 80.63°W) is located on the southeastern shore of Lake Okeechobee,
which is part of the Everglades Agricultural Area (EAA). It has organic soil (Histosols), the
predominant soil type in the EAA. Soil carbon oxidation over the past few decades has caused the
soils to become shallow, with most fields having less than one meter of soil above the bedrock. The
increased incorporation of lime from the underlying bedrock has raised the soil pH, reducing nutrient
availability for crops, which classifies the soils as marginal. The primary agricultural crop grown in
the area is sugarcane, which is grown successively or in rotation with sweet corn or another crop. Soil
subsidence and nutrient runoff into the Florida Everglades are significant environmental concerns.
The IRREC site (27.43°N, 80.41°W) is in central Florida, characterized by a subtropical climate and
high rainfall. It has sandy soils, which have low organic matter, limited water retention, and poor
nutrient content. Effective water and nutrient management are essential for these marginal soils. Over
the past decade, citrus acreage in the area has decreased by 40% primarily due to citrus greening [6],
creating a need for alternative cropping systems suited to the region's challenging climatic and soil
conditions.

Each study site was divided into multiple experimental plots. The EREC site had an
experimental treatment plot of approximately 3 ha (7.6 ac) with a total of 48 subplots comprised of
three crops: EC, sugarcane, and sweet corn (Figure 1A). The IRREC site had an experimental
treatment plot of approximately 1.6 ha (4 ac) (Figure 1B), which was only planted with EC or left
fallow because this pilot site was intended as an EC monoculture production for sandy follow lands
that are formerly orange groves. Planting of crops within the experimental treatment plots occurred
on 11-12 January, 2023 at EREC and 21-22 December, 2022 at IRREC. EC harvest at both sites occurred
in February 2024 after the EC had matured.
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2.2. Acoustic Monitoring

Autonomous acoustic recording units (ARUs; Wildlife Acoustics Song Meter Mini, Maynard,
MA, USA) were utilized in this study to conduct a near-continuous survey of bird species at the EREC
and IRREC sites. A total of 16 acoustic recorders (eight at each site) were deployed from July 2021 to
March 2024, attached to metal posts approximately 1.5 m above the ground. The monitoring period
was divided into two temporal categories: prior to the planting of EC (“pre-planting” period from
January 2021 to December 2022) and after the crops were planted (“post-planting” period from
January 2023 to March 2024). At each site the acoustic recorders were divided evenly into treatment
and reference groups (Figure 1). At each site, 4 ARUs were deployed in the experimental treatment
plots where EC was planted, while 4 ARUs were distributed in reference areas around the
experimental plots. The reference areas consisted primarily of corn fields (n=3), former citrus
orchards (n=2), and pasture fields (n=3). We were not able to install ARUs in the reference area during
the pre-planting period. Reference areas were only monitored during the post-planting period. Given
the relatively small sizes of the experimental plots, the ARUs in the treatment areas were spaced
approximately 50 m from one another. The ARUs in the reference areas were spaced >200 m apart
and were between 250 — 1,000 m away from the treatment areas (Figure 1). Example photographs of
site conditions at EREC and IRREC during the pre-planting period and post-planting period are
shown in Figure 2. The ARUs were programmed to record 16-bit WAV audio at a sample rate of
24000 Hz for a total of four hours each day: one hour before sunrise to one hour after sunrise, and
one hour before sunset to one hour after sunset. The gain setting on the ARUs was set at the default
setting (18 dB) and microphones were checked before installation. ARUs were visited approximately
every two to four weeks to check batteries and digital memory (SD) cards.

Figure 2. Example photographs from stationary ARU monitoring locations at (A) EREC during the pre-planting
period (29 November, 2021), (B) EREC during the post-planting period prior to harvest (19 December, 2023), (C)
IRREC during the pre-planting period (1 December, 2021), and (D) IRREC during the post-planting period prior
to harvest (9 December, 2023).
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2.3. Acoustic Data Processing

We analyzed the recorded audio files with the BirdNET algorithm [18], a deep neural network
capable of identifying over 6,000 bird species based on their vocalizations alone. We used BirdNET
Version 2.4, which was configured to make species predictions based on weekly eBird [22] checklists
for the geographic area near each survey location. We set the minimum confidence threshold to 0.25
and used default BirdNET parameter settings for sensitivity (1) and overlap (0). We saved all
BirdNET results as tab-delimited data tables.

To assess BirdNET performance and select focal bird species for our analyses, we first identified
40 candidate bird species that were known to occur in the region (Supplement Table S1-1). We then
randomly selected 100 Bird NET-generated detections for each species, stratified across the following
BirdNET confidence intervals: <0.30 (i.e., 0.25 - 0.29), 0.30 — 0.39, 0.40 — 0.49, 0.50 — 0.59; 0.60 — 0.69;
0.70-0.79; 0.80 - 0.89; and >= 0.90. There were 13 sample recordings in each confidence interval except
for the lowest interval (0.25 — 0.29) which had 9 recordings. All 4,000 sample recordings were
manually reviewed by trained biologists to determine BirdNET precision, as follows:

true positives

true positives + false positives

A true positive detection occurred when the observer confirmed that a species was accurately
classified by BirdNET. A false positive detection occurred when BirdNET detected a species that was not
confirmed by the observer. We then plotted precision estimates by the above BirdNET confidence
intervals and determined the species-specific confidence threshold (SSCT) as the confidence level beyond
which precision was consistently >= 0.90. If BirdNET failed to reach a consistent precision level >=0.90, we
removed that species from our focal species list. For all remaining focal species, we used the SSCT to filter
all BirdNET detections and we assumed these to be valid detections. We used the packages ‘dplyr’ and
‘av’ in R version 4.4.1 [23] to organize, extract, and review BirdNET acoustic detections.

2.4. Analyses

Using the SSCT, we calculated valid daily focal species detections at each ARU. We categorized
focal species into three broad taxonomic groups: (1) passerines, including other species such as doves
and quail; (2) raptors, and (3) shorebirds and waterfowl. We summed the number of confirmed focal
species at each ARU to determine daily species richness for each taxonomic group and total focal
species richness (summed across all taxonomic groups). We then organized the data to make
comparisons of species richness between treatment groups and temporal period. Our primary goal
was to determine whether focal species richness changed in the experimental EC treatment plots after
planting compared to other areas.

We focused our analyses on a 3-month period before EC planting (Oct-Dec 2021 and 2022) and
the same 3-month period immediately before harvest of the EC (Oct-Dec 2023). This design accounts
for seasonal variation in bird communities, allowing us to make direct comparisons between
temporal periods. Although we deployed all 16 ARUs concurrently, there were several days in which
some ARUs did not record due to technical difficulties or weather. Because unbalanced and
inconsistent recordings among ARUs could influence the statistical comparisons of species richness
if we were to pool all recordings, we randomly sampled acoustic recordings from each ARU. We
randomly selected five days of acoustic recordings from each ARU each month from October to
December. A complete day of recordings by an ARU consisted of 4 one-hour recordings (2 at sunrise,
2 at sunset). Thus, our random sampling design resulted in 20 one-hour acoustic files per ARU per
month. From these randomly selected recordings, we calculated monthly focal species richness and
daily species-specific occurrence proportions (e.g., 0 = species was never detected in any of the 5
randomly selected days; 1.0 = species was detected in all 5 randomly selected days).

We compared focal species richness between treatment groups using a nonparametric Kruskal-
Wallis test. Initial analyses using parametric analyses of variance resulted in residuals that were not
normally distributed despite several data transformations. We then made pairwise comparisons of
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species occurrence proportions between treatment groups and temporal periods. Since we were
primarily interested in understanding how bird occurrence in the post-planting treatment plots
compared to the other treatment groups, we designed paired comparisons (t-tests) between bird
occurrences between post-planting treatment plots and the two other groups (pre-planting treatment,
post-planting reference). All analyses were performed using R version 4.4.1 [23].

3. Results

3.1. Acoustic Recordings and Focal Species Detections

We collected a total of 19,676 hours of acoustic recordings from the 16 ARUs from July 2021 to
March 2024, covering the pre-planting and post-planting periods. 2,308 hours of these recordings
came from the pre-planting period (2021-2022) from 8 locations (four treatment plots at EREC; four
treatment plots at IRREC), while 17,368 recording hours came from the post-planting period from 16
locations (Figure 1).

BirdNET made 4,694,225 total avian detections from the acoustic recordings, representing 222
different species. We inspected BirdNET precision for 40 of these species known to occur in the region
during the fall and winter months (Supplemental Table S1-1). We retained 30 of these species as our
focal species for this study (Table 1). The list of focal species included 5 raptors, 5 shorebirds, and 20
passerines or species belonging to other taxonomic groups (doves, bobwhite quail). These 30 species
were selected based on our ability to determine a SSCT through evaluation of BirdNET precision
(Supplement 1). We combined some related focal species that had similar calls. For example, we
combined Common Grackle and Boat-tailed Grackle into one species (“Grackle”) and we combined
American Crow and Fish Crow into one species (“Crow”) (Table 1). Combined, the 30 focal species
made up over 67% of all BirdNET detections in this study.

There was no difference in average monthly avian focal species richness between treatment
groups and temporal periods (one-way Kruskal-Wallis Test; 2 = 2.04; p = 0.367; Figure 3). Combined
between EREC and IRREC sites, there were no differences in average daily focal species occurrence
proportions by taxonomic group (paired t-tests; all p > 0.10). Daily occurrence proportions at
experimental treatment plots during the post-planting period were similar to the occurrence
proportions measured during pre-planting periods and at reference locations during the post-
planting period (Figure 4).

20

13

16

b3

14

Group
* Treatment

* Reference

Monthly Species Richness

12

10

Pre-Planting |, Post-Planting Period
Period 1

Figure 3. Monthly focal species richness by treatment plot and time period. Points represent the mean +/-

standard error.
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Figure 4. Difference in average avian focal species occurrence proportions between treatment locations and

temporal periods. Positive values indicate greater species occurrence proportions in treatment plots during the

post-planting period. Negative values indicate greater occurrence proportions in treatment plots during the pre-

planting period (green) and reference plots during the post-planting period (pink). Standard error bars that

overlap zero indicate no statistical difference (based on paired t-tests).

Table 1. Summary of the 30 focal bird species evaluated in this study, in alphabetical order by taxonomic group.

Species-specific

Total Confidence

Detections Threshold
Focal Species Name Taxonomic Group (2021-2023)  (SSCT)-
Blue Jay Passerine / Other 43,792 0.25
Chimney Swift Passerine / Other 3,978 0.80
Common Ground Dove Passerine / Other 16,535 0.60
Common Yellowthroat Passerine / Other 182,155 0.80
"Crow" (American and Fish) Passerine / Other 83,915 0.25
Eastern Bluebird Passerine / Other 3,945 0.90
Eastern Meadowlark Passerine / Other 241,871 0.40
Eastern Phoebe Passerine / Other 2,847 0.60
"Grackle" (Boat-tailed and Common) Passerine / Other 17,697 0.40
House Wren Passerine / Other 14,692 0.50
Loggerhead Shrike Passerine / Other 43,390 0.90
Mourning Dove Passerine / Other 10,776 0.40
Northern Bobwhite Passerine / Other 63,732 0.60
Northern Mockingbird Passerine / Other 42,879 0.50
Palm Warbler Passerine / Other 85,562 0.50
Purple Martin Passerine / Other 47,866 0.70
Red-winged Blackbird Passerine / Other 63,920 0.25

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Savannah Sparrow Passerine / Other 35,633 0.40
Swamp Sparrow Passerine / Other 15,204 0.70
Yellow-rumped Warbler Passerine / Other 1,566 0.90
American Kestrel Raptor 56,669 0.40
Barn Owl Raptor 281,798 0.70
Common Nighthawk Raptor 1,024,982 0.30
Northern Harrier Raptor 44,168 0.80
Red-shouldered Hawk Raptor 272,039 0.70
Black-crowned Night-heron Shorebird / Waterfowl 11,282 0.90
Great Blue Heron Shorebird / Waterfowl 33,602 0.90
Green Heron Shorebird / Waterfowl 11,192 0.90
Killdeer Shorebird / Waterfowl 379,429 0.25
Sandhill Crane Shorebird / Waterfowl 38,769 0.50

% Species-specific confidence threshold (SSCT) determined based on BirdNET precision estimates. See

Supplemental Materials for species-specific BirdNET precision graphs.

4. Discussion

We examined bird communities in experimental EC plots at the extremities of two growth
stages: a pre-planting period when the plots were barren and the soil was being prepared for
planting, and a post-planting period approximately 2-4 months prior to harvest when the EC was
matured and over 5m tall. Passive acoustic monitoring (PAM) using ARUs and an Al-powered
automatic species recognizer (BirdNET), we detected similar species richness and occurrence rates
between these two temporal periods and between experimental and reference plots. These results
suggest that the resident avian communities at EREC and IRREC may utilize EC plots similar to other
agricultural land uses in southern Florida.

Sugarcane is Florida’s top crop by acreage, cultivated on approximately 440,000 acres primarily
in the southern one-third of the State [24]. A portion of these acres are used to experimentally cultivate
the hybrid Energycane (EC), which has demonstrated potential for cellulosic ethanol production [5].
While there are some botanical and physiological differences between the two [5], sugarcane and EC
share similar cultivation and harvesting practices, and are morphologically related compared to other
crops grown in the region [25] (e.g., corn, citrus). For this reason, we expected avian responses to EC
production to be similar to previously reported responses to sugarcane. Previous research in southern
Florida has shown generally positive avian responses to sugarcane during certain times of the year.
Pearlstine et al. [26,27] recorded a high degree of avian activity and species richness in sugarcane
fields of southern Florida. Some avian species-specific responses fluctuate with the age and structure
of sugarcane. For example, Common Yellowthroat (Geothlypis trichas), despite being a year-round
resident in the region, is more commonly detected in sugarcane fields during sugarcane growth
periods and is less common after harvest when there is less vegetation structure [28]. Other species,
such as Cattle Egret (Ardea ibis) and other shorebirds, may be more common after sugarcane has been
harvested where they can better forage on prey items in the disturbed soil [28].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Although we did not detect any statistical differences in occurrence rates between plots among
Passerines broadly (Figure 4), we noted some species-specific responses that support these previous
findings. Common Yellowthroat daily occurrences were approximately two times higher in the EC
experimental plots than reference plots across both sites (average daily occurrence proportion in EC
plots: 0.253; average daily occurrence proportion in reference plots: 0.125). Shorebird detections were
also highest in the EC plots prior to planting when the fields were relatively barren. Shorebird
detections were approximately 29% higher and 13% higher in barren experimental EC plots during
the pre-planting period than in reference plots and EC plots during the post-planting period,
respectively. These observations are consistent with previous findings by Miller et al. [28] reporting
increased detections of Common Yellowthroat in sugarcane fields during crop growth and increased
detections of shorebirds in open sugarcane fields after harvest.

This study also adds to the growing amount of evidence demonstrating the application of PAM
and Al for avian ecology field research. BirdNET performed with a sufficient degree of precision for
the most common bird species in southern Florida. We were able to develop SSCTs at 0.50 or lower
for nearly half of our focal species (14 out of 30; Table 1), highlighting Bird NET’s ability to consistently
and correctly identify some bird species even at low confidence thresholds. However, there are
limitations to PAM and Al-based species recognition tools. First, these approaches are inherently
biased towards vocal bird species with unique call repertoires, which could under sample less vocal
or cryptic species. Second, these approaches allow researchers to understand species
presence/absence, but generally do not allow for abundance or density estimates. Despite their
limitations, these approaches have been especially useful for community-based studies that focus on
metrics such as species richness and diversity [16,21].

4. Conclusions

It is important to investigate the ecological impacts of agricultural land use changes to ensure
their long-term sustainability. The results of this study show that avian communities utilize EC
cropping systems similar to other agricultural land uses in southern Florida. More research is needed
to better understand if utilization of EC cropping systems results in positive or negative effects on
avian populations (e.g., foraging habitat quality, predator-prey dynamics, nest success).

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org. Figure S1: Bird NET precision graphs for 30 focal species.
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