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Abstract—Highbush blueberry (Vaccinium corymbosum) depends on biotic 
pollination to produce marketable fruits. A wide range of insects, from managed 
honey bees (Apis mellifera) to wild bees, hoverflies and other insects, visit 
blueberry flowers, but their efficiency as pollinators varies greatly. This variation is 
partially related to blueberry flower morphology, which limits access to nectar and 
pollen, and to the presence of poricidal anthers that require buzz pollination for 
more efficient pollen release. 
We assessed the pollination efficiency of the main floral visitors of blueberry in 
Portugal. Previously bagged flowers of cultivar Duke were exposed to individual 
visitors, and pollen loads on stigmas were quantified after each visit. Additionally, 
we monitored plant-pollinator interactions throughout the day and assessed pollen 
deposition on the stigmas from flowers exposed to open pollination. 
Surprisingly, most visits were made by the ant Formica rufibarbis, closely followed 
by the bumblebee Bombus terrestris. These were also the only taxa recorded 
visiting flowers within the pollinator efficiency experiment. Bombus terrestris 
deposited significantly more pollen tetrads, and flowers visited by this species 
consequently developed more pollen tubes than those visited by F. rufibarbis. 
However, open pollinated flowers exhibited greater pollen deposition and higher 
pollen tube numbers than flowers visited by either B. terrestris or F. rufibarbis. Our 
results indicate that B. terrestris is a more efficient pollinator than F. rufibarbis and 
can deliver sufficient pollen tetrads to achieve full pollination in a single visit, 
depending on its foraging behaviour. Despite their low efficiency, ants may still 
contribute to blueberry pollination under conditions that limit the activity of flying 
pollinators. 

Keywords—Bombus terrestris; Formica rufibarbis; Non-bee pollinators; Pollination; 
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INTRODUCTION 

In highbush blueberry (Vaccinium corymbosum), 

both yield and fruit quality strongly depend on 

biotic pollination (as reviewed by DeVetter et al. 

2022). In commercial orchards, the main 

pollinators are often managed species such as Apis 

mellifera. Still, a wide range of wild bees, including 

Bombus spp. and solitary bees of the genera 

Lasioglossum, Anthophora, Osmia and Andrena, also 

visit blueberry flowers and act as effective 

pollinators (Eeraerts et al. 2019, 2023; Castro et al. 

2023). Non-bee pollinators are thought to be 

uncommon, likely due to the flower’s morphology, 

which limits access to nectar and pollen (Isaacs & 

Kirk 2010; Cavigliasso et al. 2021). Blueberry nectar 

is produced at the base of the corolla, and the 

small, urn-shaped, downward-facing flowers 

restrict access to floral rewards, thereby 

influencing both pollination efficiency and visitor 

behaviour (Borghi et al. 2025). Moreover, 

blueberry anthers are poricidal and release pollen 

most effectively under buzz pollination (Vander 

Kloet 1988). Consequently, not all floral visitors are 

equally efficient pollinators, and fruit set and 

weight can vary greatly depending on the taxon of 

the visiting insect (Cortés‐Rivas et al. 2023b). For 

example, bumblebees (Bombus spp.) have been 
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shown to be more efficient pollinators of blueberry 

than honey bees (Apis mellifera), likely due to their 

ability to buzz-pollinate and their higher per-visit 

pollen deposition (Sun et al. 2021; Eeraerts et al. 

2023). Bumblebees have also been reported to 

deposit a higher number of pollen tetrads (groups 

of four fused pollen grains, typically released by 

Vaccinium) on stigmas compared to honey bees, 

syrphids and certain solitary bees (Bobiwash et al. 

2018; Cortés‐Rivas et al. 2023b). Highbush 

blueberry flowers have, on average, around 100 

ovules, and each ovule requires one to five pollen 

tubes for successful fertilization (Komatz et al. 

2025). Each pollen tetrad can grow one to four 

pollen tubes, and between 30 to 100 tetrads are 

needed to maximize fruit set and weight 

(Dogterom et al. 2000; DeVetter et al. 2022), 

although as much as 125 tetrads have been 

suggested for optimal yield (Dogterom et al. 2000; 

Ramírez-Mejía et al. 2024a, 2024b). Identifying 

which flower visitors are the most efficient 

pollinators is thus essential to improve 

management practices impacting pollination 

success. In this study, we aimed to assess the 

pollination efficiency of the main visitors to the 

blueberry cultivar Duke by quantifying pollen 

deposition on stigmas following visits by different 

taxa. 

MATERIALS AND METHODS 

STUDY SITE 

The study was conducted using northern 

highbush blueberry plants of the cultivar Duke 

grown in an experimental orchard at the Agrarian 

Field Station of Viseu, central Portugal 

(40°39'52.4"N, 7°54'12.6"W). The orchard 

comprised 20 cultivars and was originally 

established to assess the suitability of different 

blueberry cultivars for cultivation and production 

under the regional climatic conditions. Plants were 

grown directly in the soil in east-west-oriented 

rows, with each cultivar represented by 15-18 

plants within a single row. The orchard was 

embedded in a heterogeneous landscape 

comprising multiple land-cover and land-use 

types, including mixed fruit orchards, grasslands, 

forests and urban areas, representative of 

agricultural landscapes commonly found in 

Portugal. No managed honey bee hives were 

introduced into the orchard during the study 

period.  

POLLINATOR COMMUNITY AND EFFICIENCY 

The floral visitor community was characterized 

following standard methodologies (Dafni et al. 

2005). Briefly, flowering plants of cultivar Duke 

were observed for 5-minute periods at different 

times throughout the day, between 9:00 and 17:00 

(CET+1), on four days distributed across the 

flowering period (April 7th to April 28th, 2025), 

resulting in a total of 35 monitoring periods. 

Observations were conducted only under weather 

conditions suitable for pollinator activity (i.e., 

sunny conditions with temperature above 13 ºC). 

During April 2025, the mean minimum and 

maximum temperatures were 8.2 ºC and 17.7 ºC, 

respectively, and cumulative precipitation was 

134.9 mm (Table S1). During each observation 

period, we recorded the number and identity of 

the insects visiting the flowers, the number of 

flowers visited per insect, and the total number of 

open flowers. Floral visitors were identified using 

photographs and, when necessary, targeted 

captures, with identifications subsequently 

verified by expert entomologists. Visitation rates 

per taxon (%) were calculated as: Visitation rates 

(%) = (total number of flowers visited per plant, 

taxon and monitoring moment / number of flowers 

open per plant and monitoring moment) × 100.  

To assess pollinator efficiency, we randomly 

marked 18 inflorescences across 10 individual 

plants. Each inflorescence was excluded from 

pollinators by covering them with fine tulle bags 

prior to bloom. Once the flowers opened, 

inflorescences were unbagged individually and 

observed for 10 minutes. Immediately after a floral 

visit, the flowers were labelled with the identity of 

the visitor, the inflorescence rebagged, and the 

pistils collected 48 h later in 70% ethanol for 

subsequent quantification of pollen loads and 

pollen tube development. Inflorescences remained 

bagged when not under observation. Although 

collection 72 h after pollination would have been 

ideal, this was not feasible due to logistical 

constraints and adverse weather forecasts; 

however, the 48h interval was sufficient to allow 

assessment of pollen tube growth. Additionally, 

pistils were also randomly collected from open 

pollinated flowers to quantify the natural 

pollination. To ensure that all samples from open 

pollinated flowers were collected at a comparable 

developmental stage and were exposed to floral 
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visitors for most of the flower’s functional lifespan, 

we selected flowers that had already shed their 

corollas, but whose pistils had not yet begun to 

senesce, as indicated by browning.  

POLLEN LOADS AND POLLEN TUBE OBSERVATIONS 

Pistils, 14 from flowers visited by F. rufibarbis, 

15 from flowers visited by B. terrestris, and 20 from 

open pollinated flowers, were stained with aniline 

blue and observed under fluorescence microscopy 

following a protocol adapted from Dafni et al. 

(2005). Briefly, pistils were softened in 8M sodium 

hydroxide for 2 h at room temperature. The pistils 

were then rinsed in 96% ethanol, stained with 

aniline blue overnight, and carefully squashed on 

glass slides for observation under a fluorescence 

microscope (Leica DM 4000b; magnification 200×). 

Pollen tetrads were clearly visible and easily 

distinguishable, and their numbers were 

quantified by direct counting. Pollen tubes were 

counted at the midpoint of the style.  

DATA ANALYSIS 

All statistical analyses were performed in R 

version 4.3.0 (Core Development Team 2016). To 

test the effect of visitor identity on the number of 

pollen grains and pollen tubes, we fitted linear 

mixed-effects models using the lmer function in 

the lme4 package (Bates et al. 2015). The response 

variables were the number of tetrads on the stigma 

and the number of pollen tubes counted at the 

midpoint of the style. Visitor identity was included 

as a fixed factor, and inflorescence as a random 

factor. Number of tetrads and pollen tube counts 

were square-root transformed prior to analysis to 

meet assumptions. Fixed effects were evaluated 

using analysis of variance (ANOVA). Post hoc 

pairwise comparisons were conducted using 

estimated marginal means with Tukey-adjusted P 

values (emmeans package; Lenth & Piaskowski 

2026). Statistical significance was set at P < 0.05. 

Model fit was assessed using diagnostic plots from 

the DHARMa package (Hartig 2016). All figures 

were produced using ggplot2 (Wickham et al. 

2024). Plots are presented using the original, 

untransformed values. 

RESULTS AND DISCUSSION 

Surprisingly, the main floral visitor of the 

blueberry cultivar Duke was the ant Formica 

rufibarbis (Fabricius, 1793), which accounted for 

44.63% of all recorded visits, closely followed by 

the bumblebee Bombus terrestris (Linnaeus, 1758; 

41.81%). Other visitors were comparatively rare, 

representing minor proportions of total visits and 

included: Anthophora plumipes (Pallas, 1772; 6.82%), 

Osmia bicornis (Linnaeus, 1758; 2.70%), Xylocopa 

violacea (Linnaeus, 1758; 1.21%), Lasioglossum spp. 

(2.02%) and Eucera sp. (0.81%). However, F. 

rufibarbis and B. terrestris were the only species 

recorded visiting the flowers used in the pollinator 

efficiency experiment. This contrasts with 

observations made at the same site and cultivar in 

2023, when the main pollinators of Duke were B. 

terrestris and A. plumipes (Castro et al. 2026). This 

difference may reflect interannual climatic 

variation, as temperatures were lower and rainfall 

substantially higher in 2025 compared to 2023 

(Table S1), potentially affecting insect foraging 

activity and, consequently, the composition and 

relative abundance of floral visitors. 

Bombus terrestris deposited significantly more 

pollen tetrads than F. rufibarbis (X2 = 125.0; P < 

0.001; Fig. 1A), which resulted in significantly 

more pollen tubes at the mid-style region of pistils 

(X2 = 136.7; P < 0.001; Fig. 1B). These results indicate 

that B. terrestris is considerably more efficient than 

F. rufibarbis as a pollinator of blueberry flowers. On 

average, B. terrestris deposited 46.0 ± 8.75 (range: 

0–117; estimated mean: 6.05 ± 0.90 and 95% CI: 

4.15-7.95) pollen tetrads per visit, which grew on 

average 45.60 ± 5.17 (range: 18–89; estimated mean: 

5.18 ± 0.80 and 95% CI: 3.51-6.85) pollen tubes. 

These values are comparable to those reported by 

Sun et al. (2021; 34.71) for the cultivar Bluecrop and 

by Cortés-Rivas et al. (2023a) for ‘Duke’ following 

visits without insect sonication, though lower than 

those obtained after visits in which sonication 

occurred. 

Our findings suggest that a single visit by B. 

terrestris can fully pollinate a blueberry flower, 

considering that successful fertilization typically 

requires 30 to 100 pollen tetrads (Dogterom et al. 

2000; DeVetter et al. 2022, Ramírez-Mejía et al. 

2024b). However, pollen deposition likely depends 

on B. terrestris’ foraging behaviour. Whether 

individuals are collecting pollen (with or without 

buzzing) or foraging for nectar can affect the 

amount of pollen they carry and, hence, the 

amount deposited on stigmas (Nunes-Silva et al. 

2013; Cortés-Rivas et al. 2023a; Cortés‐Rivas et al. 
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2023b). Additionally, from a commercial 

perspective, fruit size is important. Blueberry fruit 

size is linearly related to the number of tetrads 

deposited up to a threshold between 112 (Ramírez-

Mejía et al. 2024b) and 125 tetrads (Dogterom et al. 

2000), with the number of tetrads required for 

optimal pollination varying between 112 and 274 

(Ramírez-Mejía et al. 2024b). Results from open-

pollinated flowers fall within this optimal range 

(210.35 ± 19.58 pollen tetrads per flower; estimated 

mean: 14.10 ± 0.71 and 95% CI: 12.63-15.57) and 

indicate that multiple visits by B. terrestris and/or 

complementarity by other pollinator species 

enhance pollen deposition. Enhanced pollen 

deposition is likely to translate into improved 

pollination outcomes, although these downstream 

variables were not measured in this study.   

Formica rufibarbis deposited on average 14.50 ± 

4.76 (range: 0–53; estimated mean: 2.93 ± 0.89 and 

95% CI: 1.08-4.79) pollen tetrads, which produced 

10.00 ± 4.76 (range: 0–47; estimated mean: 2.04 ± 

0.79 and 95% CI: 0.39-3.68) pollen tubes. Although 

these numbers are low relative to optimal 

blueberry pollination requirements, they may still 

be sufficient for the flower to set fruit (Dogterom et 

al. 2000, Ramírez-Mejía et al. 2024b). As few as 10 

tetrads can achieve approximately 70% fruit set in 

the cultivar Bluecrop, though the resulting fruits 

were smaller and contained fewer seeds 

(Dogterom et al., 2000), making them unsuitable 

for commercial purposes. Ants have been reported 

as pollinators in some crops, particularly those 

with small flowers, such as gooseberry (Ribes 

rubrum L.), raspberry (Rubus idaeus L.), and mango 

Figure 1. Number of pollen 
tetrads on the stigmas (A) and 
pollen tubes reaching the 
midpoint of the style (B) in 
flowers of highbush blueberry 
(Vaccinium corymbosum cv. 
Duke) exposed to visits by ants 
(Formica rufibarbis; N = 14), 
bumblebees (Bombus terrestris; 
N = 15), or open pollinated (N = 
20) by the local pollinator 
community. Different letters 
indicate significant differences 
among cultivars at P < 0.05 
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(Mangifera indica L.), where flower morphology 

matches their body size and facilitates contact with 

reproductive organs (Carvalheiro et al. 2010; Díaz 

et al. 2025). Considering F. rufibarbis, pollen 

transport among flowers by has been reported for 

the Caryophyllaceae species Scleranthus perennis 

(Svensson 1985, 1986). Svensson (1985) observed 

carryover of pollen of S. perennis by F. rufibarbis to 

multiple flowers visited sequentially, with most 

grains deposited in the first few flowers, a mean 

distance of pollen transfer of 6.2 cm and 72 % of all 

transferences being within plants. While F. 

rufibarbis ants are mainly predacious and 

trophobiotic, with their diet being primarily 

composed of insects and aphid secretions, they 

also feed, to a lesser extent, from juices exuding 

from plants, including nectar (Seifert & Schultz 

2009, Fürjes-Mikó et al. 2025). In our case, during 

the 5-minute observation periods, ants were 

observed moving around inside the flower for 

variable lengths of time, sometimes for the entire 

monitoring period, likely foraging for nectar 

and/or small prey. When the ants left the flower, 

they moved to a nearby flower, either entering the 

flower or remaining on its exterior, or moved to 

other parts of the plant such as leaves and twigs. 

Given the observed behaviour, their limited 

mobility and low pollen-carrying capacity, ants are 

more likely to promote self-pollination rather than 

cross-pollination. Blueberry is largely self-

compatible, so self-pollen can lead to fruit set, 

although cross- pollination typically results in 

higher seed set, larger fruits, and greater yield 

(DeVetter et al. 2022; Chabert et al. 2026). Thus, 

while the contribution of ants to blueberry 

pollination may be limited by their lower 

efficiency in pollen deposition and tendency to 

promote self-fertilization, they may still play a 

valuable contribution under conditions in which 

flying pollinators are scarce, such as during 

unfavourable weather or at early flowering stages, 

particularly if ants are present in large numbers. 

ACKNOWLEDGEMENTS 

We thank Estação Agrária de Viseu and CCDRC for 

allowing access to the blueberry experimental orchard. 

We thank Roberto Keller for assisting with the 

identification of the ant species and Hugo Gaspar for 

assisting with bee species identification. 

This work was supported by FCT - Fundação para a 

Ciência e Tecnologia, I.P., in the framework of the 

Project UIDB/04004/2025 - Centre for Functional Ecology 

- Science for the People & the Planet. 

AUTHOR CONTRIBUTION 

Helena Castro:  Conceptualization; investigation; data 

analysis; supervision; writing – original. Catarina 

Moniz: investigation. Arminda Lopes: Plant 

management; Writing – review and editing. João 

Loureiro: Writing – review and editing. Sílvia Castro:  

Supervision; writing – review and editing. 

DISCLOSURE STATEMENT 

The authors declared no competing interests. 

GENERATIVE AI DISCLOSURE STATEMENT 

No AI tools were used. 

DATA AVAILABILITY STATEMENT 

Data will be made available upon request to the 

corresponding author. 

APPENDICES 

Additional supporting information may be found in the 

online version of this article:  

Table S1. Meteorological data. 

REFERENCES 

Bates D, Maechler M, Bolker B, Walker S (2015) lme4: 

Linear mixed-effects models using Eigen and S4. 

[online] URL: https://cran.r-project.org/package=lme4  

Bobiwash K, Uriel Y, Elle E (2018) Pollen Foraging 

Differences among Three Managed Pollinators in the 

Highbush Blueberry (Vaccinium corymbosum) 

Agroecosystem. Journal of Economic Entomology 

111:26–32. https://doi.org/10.1093/jee/tox344  

Borghi M, DeVetter LW, Edger PP, Gutensohn M, 

Grotewold E, Sagili R, Graham KK, Body MA, Li C, 

Galinato SP, Melathopoulos A, Cane JH, Sandefur P, 

Dela Luz A, Schaeffer RN, Rering CC, Jadhav SS, Chu 

Y, Chitwood DH (2025) Enhancing entomophilous 

pollination for sustainable crop production. Plant 

Journal 122:1–11. https://doi.org/10.1111/tpj.70234  

Carvalheiro LG, Seymour CL, Veldtman R, Nicolson SW 

(2010) Pollination services decline with distance from 

natural habitat even in biodiversity-rich areas. Journal 

of Applied Ecology 47:810–820. https://doi.org/10. 

1111/j.1365-2664.2010.01829.x  

Castro H, Gaspar H, Loureiro J, Castro S (2023) Effect of 

Extreme Climatic Events on Plant-Pollinator 

Interactions in Blueberry. In: Climate Change 

Management. Springer Nature Switzerland, pp 165–

181. https://doi.org/10.1007/978-3-031-28728-2_9  

https://cran.r-project.org/package=lme4
https://doi.org/10.1093/jee/tox344
https://doi.org/10.1111/tpj.70234
https://doi.org/10.1111/j.1365-2664.2010.01829.x
https://doi.org/10.1111/j.1365-2664.2010.01829.x
https://doi.org/10.1007/978-3-031-28728-2_9


October 2026 Pollinator Efficiency in Blueberry 281 

 

Castro H, Branco AM, Chaves B, Gaspar H, Loureiro J, 

Castro S (2026) Blueberry floral morphology influences 

pollinator visitation and behavioural patterns. Web 

Ecology 26:83–92. https://doi.org/10.5194/we-26-83-

2026  

Cavigliasso P, Negri P, Viel M, Graziani MM, Challiol C, 

Bello F, Saez A (2021) Precision management of 

pollination services to blueberry crops. Scientific 

Reports:1–8. https://doi.org/10.1038/s41598-021-00068-

1  

Chabert S, DeVetter LW, Isaacs R, Morales SN, Walters 

J, Mallinger RE (2026). Cross-pollination improves fruit 

quantity and quality across Northern and Southern 

Highbush Blueberry cultivars. HortScience 61:1621–

1629 https://doi.org/10.21273/HORTSCI19406-26  

Core Development Team R (2016) A language and 

environment for statistical computing. Vienna: R 

Foundation for Statistical Computing. [online] URL: 

http://www.r-project.org/  

Cortés-Rivas B, Monzón VH, Rego JO, Mesquita-Neto 

JN (2023a) Pollination by native bees achieves high 

fruit quantity and quality of highbush blueberry: a 

sustainable alternative to managed pollinators. 

Frontiers in Sustainable Food Systems 7 

https://doi.org/10.3389/fsufs.2023.1142623  

Cortés‐Rivas B, Smith‐Ramirez C, Monzón VH, 

Mesquita‐Neto JN (2023b) Native bees with floral 

sonication behaviour can achieve high‐performance 

pollination of highbush blueberry in Chile. 

Agricultural and Forest Entomology 25:91–102. 

https://doi.org/10.1111/afe.12533  

Dafni A, Kevan PG, Husband BC (2005) Pratical 

Pollination Ecology. Enviroquest, Lta. 

DeVetter LW, Chabert S, Milbrath MO, Mallinger RE, 

Walters J, Isaacs R, Galinato SP, Kogan C, Brouwer K, 

Melathopoulos A, Eeraerts M (2022) Toward evidence-

based decision support systems to optimize pollination 

and yields in highbush blueberry. Frontiers in 

Sustainable Food Systems 6 https://doi.org/10.3389/ 

fsufs.2022.1006201  

Díaz MA, Pirk GI, Chalcoff VR (2025) Ants as Potential 

Pollinators in Agroecological Crops. Journal of 

Applied Entomology 149:1237–1247. https://doi.org/10. 

1111/jen.13427  

Dogterom MH, Winston ML, Mukai A (2000) Effect of 

pollen load size and source (self, outcross) on seed and 

fruit production in highbush blueberry cv. ‘Bluecrop’ 

(Vaccinium corymbosum; Ericaceae). American Journal 

of Botany 87:1584–1591. https://doi.org/10.2307/ 

2656734  

Eeraerts M, DeVetter LW, Batáry P, Ternest JJ, Mallinger 

R, Arrington M, Benjamin FE, Blaauw BR, Campbell 

JW, Cavigliasso P, Daniels JC, de Groot GA, Ellis JD, 

Gibbs J, Goldstein L, Hoffman GD, Kleijn D, 

Melathopoulos A, Miller SZ, Montero-Castaño A, 

Naranjo SM, Nicholson CC, Perkins JA, Rao S, Raine 

NE, Reilly JR, Ricketts TH, Rogers E, Isaacs R (2023) 

Synthesis of highbush blueberry pollination research 

reveals region-specific differences in the contributions 

of honeybees and wild bees. Journal of Applied 

Ecology 60:2528–2539. https://doi.org/10.1111/1365-

2664.14516  

Eeraerts M, Smagghe G, Meeus I (2019) Pollinator 

diversity, floral resources and semi-natural habitat, 

instead of honey bees and intensive agriculture, 

enhance pollination service to sweet cherry. 

Agriculture, Ecosystems & Environment 284:106586. 

https://doi.org/10.1016/j.agee.2019.106586  

Fürjes-Mikó, Á, Csősz, S, Paulin, MJ, Csóka, G (2025) The 

Role of Red Wood Ants (Formica rufa Species Group) in 

Central European Forest Ecosystems - A Literature 

Review. Insects 16: 518 https://doi.org/10.3390/ 

insects16050518  

Hartig F (2016) DHARMa: Residual Diagnostics for 

Hierarchical (Multi-Level / Mixed) Regression Models. 

[online] URL:https://github.com/florianhartig/dharma  

Isaacs R, Kirk AK (2010) Pollination services provided to 

small and large highbush blueberry fields by wild and 

managed bees. Journal of Applied Ecology 47:841–849. 

https://doi.org/10.1111/j.1365-2664.2010.01823.x  

Komatz A, Cromie J, Adunola P, Chabert S, Muñoz PR 

(2025) Quantitative pollination requirements: A 

buzzworthy breeding objective for improving 

blueberry yield. Scientia Horticulturae 348 

https://doi.org/10.1016/j.scienta.2025.114205  

Lenth R, Piaskowski J (2026). emmeans: Estimated 

Marginal Means, aka Least-Squares Means. R package 

version 2.0.3, https://rvlenth.github.io/emmeans/  

Nunes-Silva P, Hrncir M, Shipp L, Kevan P, Imperatriz-

Fonseca VL (2013) The behaviour of Bombus impatiens 

(Apidae, Bombini) on tomato (Lycopersicon esculentum 

Mill., Solanaceae) flowers: pollination and reward 

perception. Journal of Pollination Ecology 11:33–40. 

https://doi.org/10.26786/1920-7603(2013)3  

Ramírez-Mejía AF, Chacoff NP, Cavigliasso P, 

Blendinger PG (2024a) How much is enough? 

Optimizing beehive stocking densities to maximize the 

production of a pollinator-dependent crop. Ecological 

Modelling 498:110891. https://doi.org/10.1016/j. 

ecolmodel.2024.110891  

Ramírez-Mejía AF, Chacoff NP, Lomáscolo SB, 

Woodcock BA, Schmucki R, Blendinger PG (2024b) 

Optimal pollination thresholds to maximize blueberry 

production. Agriculture, Ecosystems & Environment 

365:108903. https://doi.org/10.1016/j.agee.2024.108903 

Seifert B, Schultz R (2009) A taxonomic revision of the 

Formica rufibarbis Fabricius, 1793 group (Hymenoptera: 

Formicidae). Myrmecological News 12: 255-272 

https://doi.org/10.5194/we-26-83-2026
https://doi.org/10.5194/we-26-83-2026
https://doi.org/10.1038/s41598-021-00068-1
https://doi.org/10.1038/s41598-021-00068-1
https://doi.org/10.21273/HORTSCI19406-26
http://www.r-project.org/
https://doi.org/10.3389/fsufs.2023.1142623
https://doi.org/10.1111/afe.12533
https://doi.org/10.3389/fsufs.2022.1006201
https://doi.org/10.3389/fsufs.2022.1006201
https://doi.org/10.1111/jen.13427
https://doi.org/10.1111/jen.13427
https://doi.org/10.2307/2656734
https://doi.org/10.2307/2656734
https://doi.org/10.1111/1365-2664.14516
https://doi.org/10.1111/1365-2664.14516
https://doi.org/10.1016/j.agee.2019.106586
https://doi.org/10.3390/insects16050518
https://doi.org/10.3390/insects16050518
https://github.com/florianhartig/dharma
https://doi.org/10.1111/j.1365-2664.2010.01823.x
https://doi.org/10.1016/j.scienta.2025.114205
https://rvlenth.github.io/emmeans/
https://doi.org/10.26786/1920-7603(2013)3
https://doi.org/10.1016/j.ecolmodel.2024.110891
https://doi.org/10.1016/j.ecolmodel.2024.110891
https://doi.org/10.1016/j.agee.2024.108903


282 Castro et al. J Poll Ecol 42(20) 

 

Sun Q, Zhao X, Wu L, Zhao J, Yang Y, Zhang Y (2021) 

Differences in pollination efficiency among three bee 

species in a greenhouse and their effects on yield and 

fruit quality of Northern highbush “Bluecrop” 

Blueberry. HortScience 56:603–607. https://doi.org/10. 

21273/HORTSCI15714-21  

Svensson L (1985) An estimate of pollen carryover by 

ants in a natural population of Scleranthus perennis L. 

(Caryophyllaceae). Oecologia 66:373-377. https://doi. 

org/10.1007/BF00378301 

Svensson L (1986) Secondary pollen carryover by ants in 

a natural population of Scleranthus perennis 

(Caryophyllaceae). Oecologia 70:631-632. https://doi. 

org/10.1007/BF00379916 

Vander Kloet S P (1988). The genus Vaccinium in North 

516 America. Research Branch Agriculture Canada 

Publication 1828, Ottawa, Ontario, Canada. 

Wickham H, Chang W, Henry L, Takahashi K, Wilke C, 

Woo K, Yutani H, Dunnington D, Brand T (2024) 

ggplot2: 518 Create Elegant Data Visualisations Using 

the Grammar 519 of Graphics. R package version 3.x. 

 

 This work is licensed under a Creative Commons Attribution 4.0 License.          ISSN 1920-7603 

https://doi.org/10.21273/HORTSCI15714-21
https://doi.org/10.21273/HORTSCI15714-21
https://creativecommons.org/licenses/by/4.0/

	Assessing Pollinator Efficiency in Blueberry: From Bumblebee Buzzing to Ant Foraging

