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Algae
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Figure 1. Locations of 40 sampling stations in Florida Bay. Seasonal progression of 
cyanobacteria bloom is indicated by the arrow and contour lines: summer in solid line 
and fall in dash line (after Phlips et al. 1999).
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• Freshwater Everglades ↓ SRP 
with low TP and SRP 
concentrations

• Florida Bay ↑ SRP and DIN, on 
average low concentrations

Long Term Trends (May 1995 – April 2019)

• Florida Bay Chl-a spatially 
variable (western ↓, eastern ↑)

• TOC ↓ nearly system wide 
(except Taylor River, browing?)

• Florida Bay is very dynamic 
with large pools of OM and 
nutrients

Julian et al (2024) Long-term patterns and trends in water column biogeochemistry in a changing environment. Estuarine, Coastal and Shelf Science 306:108896. doi: 10.1016/j.ecss.2024.108896
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Chlorophyll Seasonality

• Prior trend analysis looked at unimodal trend (up  or down)
• Next step, non-linear spatio-temporal trends using a generalized additive 

model approach (1991 – 2025)
Model Generalized GAM Equation R𝟐𝟐

adj
Dev 
Expl AIC

1 Space+Time 𝐸𝐸 𝐶𝐶𝐶𝐶𝐶𝐶𝐶
= 𝑠𝑠 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 + 𝑠𝑠 𝑦𝑦𝑦𝑦 + 𝑡𝑡𝑡𝑡 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚,𝑦𝑦𝑦𝑦 + 𝑠𝑠 𝑋𝑋,𝑌𝑌 + 𝑡𝑡𝑡𝑡(𝑋𝑋,𝑌𝑌, 𝑦𝑦𝑦𝑦) 0.47 0.67 11596.68

2 Space+Time+SLR
𝐸𝐸 𝐶𝐶𝐶𝐶𝐶𝐶𝐶
= 𝑠𝑠 𝑆𝑆𝑆𝑆𝑅𝑅𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 + 𝑠𝑠 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 + 𝑠𝑠 𝑦𝑦𝑦𝑦 + 𝑡𝑡𝑡𝑡 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚,𝑦𝑦𝑦𝑦 + 𝑠𝑠 𝑋𝑋,𝑌𝑌
+ 𝑡𝑡𝑡𝑡(𝑋𝑋,𝑌𝑌,𝑦𝑦𝑦𝑦) 

0.48 0.68 11138.36

3 Space+Time+SLR+Climate
𝐸𝐸 𝐶𝐶𝐶𝐶𝐶𝐶𝐶
= 𝑠𝑠 𝑆𝑆𝑆𝑆𝑅𝑅𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 + 𝑠𝑠 𝐸𝐸𝐸𝐸𝐸𝐸𝑂𝑂𝑚𝑚𝑚𝑚𝑚𝑚 + 𝑠𝑠 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 + 𝑠𝑠 𝑦𝑦𝑦𝑦
+ 𝑡𝑡𝑡𝑡 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚,𝑦𝑦𝑦𝑦 + 𝑠𝑠 𝑋𝑋,𝑌𝑌 + 𝑡𝑡𝑡𝑡(𝑋𝑋,𝑌𝑌, 𝑦𝑦𝑦𝑦) 

0.48 0.68 11134.91

Model 1 Model 2 ΔAIC

Space+Time Space+Time+SLR 458.3

Space+Time Space+Time+SLR+Climate 461.8

Space+Time+SLR Space+Time+SLR+Climate 3.5

• Models with SPEI and coastal creek net discharge also 
considered.

• Marginal/no improvement in explanatory power BUT 
were significant effects in explaining variation in Chl-a

• Different period of records, therefore models not 
compared. 



Chlorophyll Seasonality

• Sea level rise accelerating (~2017)

• ENSO effect on Chl-a moving out of La Niña (to 
neutral)

• Timing matters Winter/Spring vs Summer/Fall
• Strong within-season effect and variability long 

term

• Month x Year synchrony (and shifts)

• Location, location, location!
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Alternate Stable States?

Davidson TA, Sayer CD, Jeppesen E, et al (2023) Bimodality and alternative equilibria do not help explain 
long-term patterns in shallow lake chlorophyll-a. Nature Communications 14:398. doi: 10.1038/s41467-
023-36043-9

GLM models (Gamma log link distribution) for 
• Chl-a ~ TP
• Chl-a ~ TN 
• Chl-a ~ TP+TN+TN:TP (not shown)

Chl-a ~ TP+TN+TN:TP  R2  = 0.79
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Alternate Stable States
GAM approach

𝐸𝐸 𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 𝑠𝑠 𝑇𝑇𝑇𝑇 + 𝑠𝑠 𝑇𝑇𝑇𝑇 + 𝑡𝑡𝑡𝑡 𝑇𝑇𝑇𝑇,𝑇𝑇𝑇𝑇 𝐸𝐸 𝐶𝐶𝐶𝐶𝐶𝐶𝐶
= 𝑠𝑠 𝑇𝑇𝑇𝑇 + 𝑠𝑠 𝑇𝑇𝑇𝑇 + 𝑡𝑡𝑡𝑡 𝑇𝑇𝑇𝑇,𝑇𝑇𝑇𝑇 + 𝑠𝑠(𝑆𝑆𝑆𝑆𝑆𝑆𝐼𝐼12𝐶𝐶𝐶𝐶𝐶𝐶. )

𝐸𝐸 𝐶𝐶𝐶𝐶𝐶𝐶𝐶
= 𝑠𝑠 𝑇𝑇𝑇𝑇 + 𝑠𝑠 𝑇𝑇𝑇𝑇 + 𝑡𝑡𝑡𝑡 𝑇𝑇𝑇𝑇,𝑇𝑇𝑇𝑇 + 𝑡𝑡𝑡𝑡 𝑄𝑄,𝑇𝑇𝑇𝑇:𝑇𝑇𝑇𝑇
+ 𝑠𝑠 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈,𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 + 𝑡𝑡𝑡𝑡(𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈,𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈,𝑄𝑄)

R2
adj = 0.91; Dev Exp = 0.93R2

adj = 0.72; Dev Exp = 0.80R2
adj = 0.70; Dev Exp = 0.80



• Ridge to Reef is a gradient of nutrient pools and material, 
affected by various forcing factors resulting in varying levels 
of reactivity 

• Climate, sea-level rise and disturbance influence 
chlorophyll concentrations (i.e. agal biomass) in Florida Bay

• Maybe not classic alternate stable state but ecological 
regime is dynamic with changing conditions 

• Chlorophyll (algae) & nutrient relationship varies spatially 
influenced by input conditions (i.e. creek flow)
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