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What is Known: Black Mangrove Threshold

• Field observations of A. germinans indicated survival but leaf damage as low as -4 ° C, 
but mature trees suffer near-total mortality at temperatures below -6.7 ° C (Stevens et al., 2006).
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Study sites across 1°of latitude

Research Question: Does winter air temperature affect the population structure seen across the 
latitudinal gradient? (i.e warmer in southernmost site (PC) and coldest in north (PI).  



Air Temperature Field Methods
• iButton air temperature loggers were deployed in mangrove canopies at the fringe edge and interior section 

of the islands. Loggers were deployed on PVC poles in Spartina alterniflora & Juncus roemerianus

Loggers began 

recording on 

December 15th 

2022



December 2022 Freeze Event

• From December 24th to 26th, minimum daily temperatures dropped below -4°C
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• A. germinans freeze damage threshold: -5.1 °C to -6.35 °C (22.8 °F – 20.6 °F).
• R. mangle freeze damage threshold: -4.10 °C to -4.95 °C (24.6 °F – 23 °F) 
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• Contrary to expectations, loggers did not record warmer temperatures in the south 
compared to the north; instead there was a non-significant trend in the opposite direction. 

P= 0.153

Air Temperature Logger Results



• Significant differences in freeze burn as a function of height for R. mangle, with taller 
individuals exhibiting higher freeze damage. The observed mortality threshold was 
around 111.5 cm 

Anova, p<2.2e-16

Alligator Harbor Results

P=0.0258



• Significant difference as height increases, individuals above 150 cm had much higher freeze 
damage. Mortality height threshold was about 169 cm.

P=1.08e-05 

Goose Island Results



• General trend shows that as height increases for black mangroves, individuals exhibited 
lower freeze damage. Taller red mangroves exhibited higher freeze damage.

Dog Island Freeze Burn Results



Dog Island Mortality Results 

P= 0.0683

• Might be other factors influencing black mangrove mortality. Red mangrove mortality 
threshold was around 112.5 cm. 

P= 1.15e-07



Take Aways 
1. R.mangle had a ↑ than 50% chance of 

mortality during a winter freeze when 
they were taller than 132 cm. 



Take Aways 
1. R.mangle had a ↑ than 50% chance of 

mortality during a winter freeze when 
they were taller than 132 cm. 

2. General trend shows that the taller the A. 
germinans , the ↓ chance of freeze burn.



Take Aways 
1. R.mangle had a ↑ than 50% chance of 

mortality during a winter freeze when 
they were taller than 132 cm. 

2. General trend shows that the taller the A. 
germinans , the ↓ chance of freeze burn.

Osland et al. 2015



Take Aways 
1. R.mangle had a ↑ than 50% chance of 

mortality during a winter freeze when 
they were taller than 132 cm. 

2. General trend shows that the taller the A. 
germinans , the ↓ chance of freeze burn.

3. A.germinans individuals were most 
vulnerable to freeze damage in the short-
tree stage (i.e., between 50-100 cm 
height). 



Take Aways 
1. R.mangle had a ↑ than 50% chance of 

mortality during a winter freeze when 
they were taller than 132 cm. 

2. General trend shows that the taller the A. 
germinans , the ↓ chance of freeze burn.

3. A.germinans individuals were most 
vulnerable to freeze damage in the short-
tree stage (i.e., between 50-100 cm 
height). 

4. A.germinans threshold: -5.1 °C to -6.35 °C 



Take Aways 
1. R.mangle had a ↑ than 50% chance of 

mortality during a winter freeze when 
they were taller than 132 cm. 

2. General trend shows that the taller the A. 
germinans , the ↓ chance of freeze burn.

3. A.germinans individuals were most 
vulnerable to freeze damage in the short-
tree stage (i.e., between 50-100 cm 
height). 

4. A.germinans threshold: -5.1 °C to -6.35 °C 
5. R.mangle threshold: -4.10 °C to -4.95 °C 



Thank you!
• Breithaupt Lab Members; 

Kevin Engelbert, Erin Tilly, 
Jenny Bueno, Jayna Hankin, 
Selma Squafi and Jake 
Renner
• FSUCML Graduate Student 

Research Fund & 
Conservation Graduate 
Student Award
• Robert K. Godfrey 

Endowment for the Study of 
Botany
• Family, friends and coffee

Contact: rb22q@fsu.edu



References
Bardou R, Parker JD, Feller IC, Cavanaugh KC. Variability in the fundamental versus realized niches of North American mangroves. J. 

Biogeogr. 2021; 48: 160–175

Boone Kauffman, J., Arifanti, V. B., Hernández Trejo, H., del Carmen Jesús García, M., Norfolk, J., Cifuentes, M., Murdiyarso, D. (2017). The 
jumbo carbon footprint of a shrimp: Carbon losses from man‐ grove deforestation. Frontiers in Ecology and the Environment, 15, 183–

 188. 

Stevens, P.W., Fox, S.L., & Montague, C.L. (2006). The interplay between mangroves and saltmarshes at the transition between temperate 
and subtropical climate in Florida. Wetlands Ecology and Management, 14, 435-444.

Kaalstad, S., Osland, M.J., Devlin, D.J. et al. Temperature Thresholds for Leaf Damage from Two Extreme Freeze Events (2018 and 2021) Near 
the Northern Range Limit of Black Mangroves (Avicennia germinans) in Southeastern North America. Estuaries and Coasts (2023).

Osland, M. J., Hughes, A. R., Armitage, A. R., Scyphers, S. B., Cebrian, J., Swinea, S. H., Shepard, C. C., Allen, M. S., Feher, L. 
C., Nelson, J. A., O’Brien, C. L., Sanspree, C. R., Smee, D. L., Snyder, C. M., Stetter, A. P., Stevens, P. W., Swanson, K. 
M., Williams, L. H., Brush, J. M., … Bardou, R. (2022). The impacts of mangrove range expansion on wetland ecosystem services in 
the southeastern United States: Current understanding, knowledge gaps, and emerging research needs. Global Change  

 Biology, 28, 3163–3187

Osland, M. J., R. H. Day, A. S. From, M. L. McCoy, J. L McLeod, and J. J. Kelleway. 2015. Life stage influences the resistance and r resilience of 
black mangrove forests to winter climate extremes. Ecosphere 6(9):160. 

Ross, M. S., P. L. Ruiz, J. P. Sah, and E. J. Hanan. 2009. Chilling damage in a changing climate in coastal landscapes of the subtropical 
zone: a case study from south Florida. Global Change Biology 15:1817–1832

• https://www.jacksonville.com/story/weather/severe/2022/12/22/florida-cold-front-freezing-temperatures-warnings-christmas-holiday-travel/69749957007/
• ://weather.com/storms/winter/news/2022-12-15-major-arctic-cold-outbreak-plains-midwest-south-christmas-week
• https://nypost.com/2022/12/25/surfing-santas-take-over-florida-beaches-during-frigid-weather-ahead-of-christmas/

https://www.jacksonville.com/story/weather/severe/2022/12/22/florida-cold-front-freezing-temperatures-warnings-christmas-holiday-travel/69749957007/
https://weather.com/storms/winter/news/2022-12-15-major-arctic-cold-outbreak-plains-midwest-south-christmas-week
https://nypost.com/2022/12/25/surfing-santas-take-over-florida-beaches-during-frigid-weather-ahead-of-christmas/


General trends indicate decrease in chilling temperature for both mangroves and saltmarsh at 
the fringe from low to high latitude. Vegetation type in the interior of the islands, showed a 
general trend in increased temperatures from low to high latitude.
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