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1. Please state project objectives and what work was done this quarter to address them:

Obj. 1: Document lab and field biology of B. bonariensis in Florida citrus

Field: Over the past quarter, we have continued to monitor B. bonariensis field population activity biweekly via
trap captures at 3 sites. Because trends are similar across sites, I will discuss trends at one site and include the

graphs for that site (full version of report).

A note on data interpretation: all collections are performed between 8 am and 11 am. Time of the morning could
impact the activity patterns captured via traps as we have noted activity in groves appears to be linked to relative
moisture and ground temperatures (validation of this observation is in progress). Additionally, traps are intended
to collect live snails that have come to rest under flat surfaces or up the sides of vertical traps. There is no lethal
elements to traps, therefore snails may come and go, so collections are snapshots in time of what was present on
collection day. In 2024, we noted decreased mean snail accumulation on/under traps during the rainy period
from late March through early May. From mid-May through June, a very dry period, mean snail accumulations
increased on/under traps as well as on microjets and tree trunks. In 2025, mean snail counts increased in March
as snails emerged and the weather was seasonably cool and moist. With the continued wet environment through
late June, captures reduced. This suggested that snail captures in relation to these traps, and also their tendency
to climb trees and irrigation is tightly tied to local moisture levels, which is not surprising as they rely on
moisture to keep their mucosal membrane functional. So, while it looks like the snail populations are decreasing
due to the relative captures by traps, observationally, it appears this is not so- snails are more visibly abundant in
both the groves we are currently monitoring and in other groves we have visited. This is concerning, as a long
dry period will likely drive the snails back to microjets and trees. Additionally, with a prolonged period of ideal
moisture and temperatures, it is likely that this will result in even higher local population levels.

Habitat use: Because trap captures provide relative population data and all traps are placed in the tree lines, we
also evaluated the total numbers of B. bonariensis snails in row middles versus tree lines to determine if the
snails are more abundant in row middles or tree lines. These collections generally occur mid to late morning,
which could bias the data if the snails are moving to the shaded, moister habitat of the tree line, which we
suspect they may be and plan to dig into in the next quarter.

From these collections, we found significantly more snails in the tree line in 2 sites and similar numbers of
snails in the third (Fig. 2). This trend is likely tied to available refuge from soils that are drying in the heat of the
day. This question will be addressed under objective 2.
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	ABSTRACT: 1. Please state project objectives and what work was done this quarter to address them:
Obj. 1: Document lab and field biology of B. bonariensis in Florida citrus
Field: Over the past quarter, we have continued to monitor B. bonariensis field population activity biweekly via trap captures at 3 sites. Because trends are similar across sites, I will discuss trends at one site and include the graphs for that site (full version of report).
 
A note on data interpretation: all collections are performed between 8 am and 11 am. Time of the morning could impact the activity patterns captured via traps as we have noted activity in groves appears to be linked to relative moisture and ground temperatures (validation of this observation is in progress). Additionally, traps are intended to collect live snails that have come to rest under flat surfaces or up the sides of vertical traps. There is no lethal elements to traps, therefore snails may come and go, so collections are snapshots in time of what was present on collection day. In 2024, we noted decreased mean snail accumulation on/under traps during the rainy period from late March through early May. From mid-May through June, a very dry period, mean snail accumulations increased on/under traps as well as on microjets and tree trunks. In 2025, mean snail counts increased in March as snails emerged and the weather was seasonably cool and moist. With the continued wet environment through late June, captures reduced. This suggested that snail captures in relation to these traps, and also their tendency to climb trees and irrigation is tightly tied to local moisture levels, which is not surprising as they rely on moisture to keep their mucosal membrane functional. So, while it looks like the snail populations are decreasing due to the relative captures by traps, observationally, it appears this is not so- snails are more visibly abundant in both the groves we are currently monitoring and in other groves we have visited. This is concerning, as a long dry period will likely drive the snails back to microjets and trees. Additionally, with a prolonged period of ideal moisture and temperatures, it is likely that this will result in even higher local population levels.
 
Habitat use: Because trap captures provide relative population data and all traps are placed in the tree lines, we also evaluated the total numbers of B. bonariensis snails in row middles versus tree lines to determine if the snails are more abundant in row middles or tree lines. These collections generally occur mid to late morning, which could bias the data if the snails are moving to the shaded, moister habitat of the tree line, which we suspect they may be and plan to dig into in the next quarter.
From these collections, we found significantly more snails in the tree line in 2 sites and similar numbers of snails in the third (Fig. 2). This trend is likely tied to available refuge from soils that are drying in the heat of the day. This question will be addressed under objective 2.
 
Field diets: To better understand trends in observed populations and varying damage, we developed primers for various weeds found in groves in the Indian River region. Using these primers, we evaluated the likely diet of snails in this region using gut content analysis (Fig. 3). At the sample locations evaluated, citrus did not appear in the majority of gut content analyses. Rather, common weeds including turkey tangle frogfruit and sweetbroom were quite common. Samples from additional sites are currently under evaluation to determine the commonality of this finding. Based on these data, common weeds are likely an important part of the snails' diet in citrus groves. This information can be used to target locations within groves for management activities (e.g. bait applications in limited locations to reduce management costs).
Obj. 2: Determine factors that influence snail movement/dispersal 
This objective was alluded to previously in the report. We finally received the last piece of equipment and have begun troubleshooting methods. No data are available at this time.
Obj. 3: Evaluation of management tools
Updates on pesticidal management: We have continued evaluating pesticides for the management of snails. To date the only foliar insecticides that have efficacy on snails are those containing abamectin (Fig. 4). Because we often see non-target impacts of herbicides and even fungicides due to similar biochemical pathways, we have also begun evaluating commonly used chemistries from these groups. This work is ongoing, but preliminary data suggest that glufosinate, which is primarily made of ammonium salt, induces high levels of mortality. Similar to abamectin, this IS NOT registered for use on snails, but we will provide the data to the agricultural chemical companies should they wish to pursue section 18 labels.
While not in our initial plan, we have worked with a colleague at IRREC to explore entomopathogenic fungi (EPF) as a potential biological control option. Because spore survival is tied to moisture and these snails appear to be heavily reliant on moisture, it is possible that the shared need could be utilized towards the management of this snail. Below is a description of their work to date:
 
A preliminary study was conducted with 72 adult Bulimulus bonariensis snails (36 treatment, 36 control - sterile water) by dipping snails into a suspension of Metarhizium brunneum at a concentration of 107 spores per ml for 15 seconds and then placing the adult snails into a 12-well plate bioassay (Figure 5).
The preliminary adult snail bioassay trial described above was observed for 21 days after treatment (DAT) and there was zero natural mortality observed for the treatment or control groups. These results from the preliminary trial revealed that submerging the snails into a fungal suspension was not effective; therefore, the protocol was revised. 
The revised protocol included direct inoculation of the snail's head by using a micropipette. O72 (36 treated and 36 control) B. bonariensis adult snails were directly inoculated on their head region with 20 µL of either sterile distilled water (control) or a fungal suspension of M. brunneum at 107 spores per ml and placed individually into a single well of a 12-well plate bioassay containing a moistened filter paper disk with a carrot piece (Figure 5). Individual plastic lids were lined with several layers of moistened brown paper toweling that formed a gasket per plate. The lids were replaced and made secure using a rubber band. These plate bioassays containing moistened filter paper and snails with carrot pieces were placed on a cafeteria tray and transferred to a growth chamber set at 25 °C under a 12 h photo phase. Moistened silica gel was filled into the empty spaces between the wells to maintain high humidity. All snails per bioassay received the same biomass of carrots punched using a cork borer every 72 h. (Figure 5). 
Adult B. bonariensis snails were provisioned individually into a 12-well plate with carrot pieces. At 72 hours, snails were gently removed temporarily from their individual wells to the previously ethanol-cleaned dry lid of the well plate. The wells were ethanol-sanitized prior to replacing the snail into the respective clean wells with a new moistened filter paper disk and a carrot piece. The silica gel was re-hydrated with ~1-2 ml sterile distilled water to maintain appropriate humidity (~100% RH). A new clean moistened brown paper towel lining was replaced on the lid. The lid was replaced and made secure using a rubber band. Survival of the snails per well was monitored every 24h for 50 days. After 72h snails were monitored for mortality every 24h thereafter by probing the soft tissues with blunt forceps. If there was no response to physical stimuli the snails were then submerged in sterile water to draw them out of their shells. 
Trial 1 using neonatal snails was performed as described above for adults with M. brunneum, except a 48-well plate was used as a bioassay. Each individual neonatal snail treated with M. brunneum, or sterile distilled water (2 µL) was placed in a single well of the 48-well plate containing moistened filter paper and a carrot piece. The duration for trial 1 was 25 days. After 72h, the neonatal snails were monitored for mortality every 24h by either dissection scope or by spritzing with sterile water to draw them out of their shells. 
The first trial described above for M. brunneum-treated adults using 12-well plate bioassays was completed and has been assessed; a second trial has been completed, and the data is being assessed. Also, the first trial using Beauveria bassiana against B. bonariensis adults was finished after 50 DAT; a second trial has been completed, and the data is currently being assessed. 
The first trial using Cordyceps javanica against adult snails has been assessed; a second trial is planned. Data collected for all the entomopathogenic fungal-based biopesticides tested was assessed for survival time and compared to the control groups at 50 DAT (see results summary below). Results after using the Kaplan-Meier survival analysis (censored at 50 DAT) indicated that there were no statistical differences in median survival time (ST50) observed between all entomopathogenic fungal-based biopesticides and their respective control groups of adult snails over time for trial 1. 
However, the neonatal snail median survival time for 50% of the population (ST50) after exposure to M. brunneum was significantly (χ2 = 9.90; df = 1; P = 0.0017) shorter compared to those exposed to water for the first trial (Figure 6). A graph depicting the survival curve of neonate B. bonariensis snails treated with M. brunneum. The ST50 for the M. brunneum treatment group was ~ 16 days, whereas the control group natural survival was 85% at 16 DAT.
Neonates were needed for continuation of mortality trials. On May 20th, 2025-June 20th, 2025, a rearing study was conducted. One hundred adult B. bonariensis snails were randomly split into 50 breeding pairs. Fifty 2 oz plastic deli cup containers were punctured with an adequate amount of holes for ventilation. The deli cups were lined with a 50/50 mixture of sand and soil, occupying ¼ of the bottom of the deli cups. Each cup was provided with 1 small piece of organic carrot, watermelon, and spinach. Each container was also provided with 0.50 g of organic flax seed (Figure 7). All assays were moistened with 1 ml of sterile water and all breeding pairs were placed into incubation at 25° C with no photo phase. All assays were changed out and all elements (media, food, moisture) were replaced every 72hrs.
Eggs laid by the breeding pairs were removed by a fine tip moistened paint brush and placed into Petri dishes containing a piece of moistened filter paper and placed into the same incubation conditions as the breeding pairs.
Filter paper disks inside of the Petri dishes with eggs was moistened as needed. Eggs were counted and were monitored for hatching every 24 hours. Hatchlings were counted and removed from the Petri dishes using a moistened fine tip paint brush and placed into their own rearing container containing moistened filter paper. Neonates were fed only carrots as needed after to mimic the same conditions of the first neonate mortality trial.
During the 1 month rearing trial, 44 out of 50 breeding pairs were deemed a compatible breeding pair and laid fertile eggs. There were 2,017 eggs laid during the trial with 944 that have successfully hatched thus far. This information provides an estimate of natural oviposition and hatch rates in B. bonariensis, illustrating a 46.8% hatch rate of eggs laid. Eggs laid towards the end of the rearing study are still being monitored for percent hatching and the estimate is expected to change with the addition of newly hatched neonates.
The newly hatched neonates were used to complete trial 2 for M. brunneum, and both trials for C. javanica and B. bassiana. These trials were conducted on June 13th, 2025, and are currently being monitored for the next 25 days. The data from all neonate trials mentioned will be assessed upon completion on July 8th, 2025.
Obj. 4: Determine is B. bonariensis predators exist in groves
The Quinn lab has continued working on the newly discovered mite that we have discussed in previous reports.
 
 
2. Please state what work is anticipated for next quarter:
Obj. 1: Document lab and field biology of B. bonariensis in Florida citrus
We will continue to monitor snail populations until we run out of funds for the work to be completed. If year 3 funds are released, we will continue this monitoring for a longer period. Because environmental conditions have been quite different in 2025 from previous monitoring years, a longer period could provide better insight into activity of this pest.
 
Members of the Quinn lab will continue to evaluate gut contents of snails collected in additional sites to help document their dietary breadth.
 
Obj. 2: Determine factors that influence snail movement/dispersal 
We will begin RFID tracking of snails in August. The majority of this objective is planned for year 3 as we are still in the method development phase, a crucial part of this work to ensure that data are accurate and we can develop a final movement model to support management planning of growers.
 
Obj. 3: Evaluation of management tools
We will continue testing an array of herbicides and fungicides to determine if there are any other chemical tools available to support our growers. Our colleagues at IRREC will continue working on EPF trials and if successful, we will plan field applications with their team. 
 
Obj. 4: Determine is B. bonariensis predators exist in groves
Movement has occurred with our request to bring in predatory nematodes for evaluation of pathogenicity against B. bonariensis. This work will need to occur at the containment facility at IRREC. Pending permit approval, we expect to import EPNs of interest at the earliest date possible. We have also begun learning to extract nematodes from native snails and slugs from a colleague in the UK. By the end of the next quarter, we anticipate having begun a collection of native nematodes that we will then be able to test for pathogenicity against B. bonariensis. This work is part of our year 3 plan.
  
3. Please state budget status (underspend or overspend, and why):
Current projections have our project close to on track to be spent out at the end of the upcoming quarter, which is the end of year 2. We will require release of year 3 funds to complete the remaining work proposed.
 
4. Please show all potential commercialization products resulting from this research, and the status of each:
IF native EPNs are found that can be used against these snails, that would result in a product that can be commercialized.
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