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Controlling the spread of marine invasive species is a challenging and costly task. Maps that predict the 
potential spread of an invader based on known habitat preferences can be extremely valuable for 
assessing invasion risk and prioritizing management actions for invasion control or prevention. Most 
maps are developed by using environmental data on the species' known distribution to map the 
potential niche of the species in a new location. However, this approach is complicated when a species 
spreads to an area where environmental conditions are much different than in other places it is known 
to exist. Didemnum vexillum was discovered in Southeast Alaska in 2010, marking the northernmost 
known range of this species. A self-organizing map (SOM) was used to assess potential habitat for D. 
vexillum in other parts of Southeast Alaska using summer and winter temperature and salinity as 
controlling factors. This research highlights the uncertainty of using the species’ current distribution to 
evaluate potential spread to an environment at the edge of its environmental tolerances. It also 
identifies gaps in our knowledge of D. vexillum thermal and salinity tolerances, including potential 
synergistic and additive effects of both low temperature and low salinity, which limit investigation of 
mechanistic modeling methods. 
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• Invasive species difficult to remove once established 
• Alaska is BIG 

• 36,000 km of complex, rocky coastline 
• Remote but with numerous potential vectors 

• Aquaculture 
• Float houses (private, tourism, forestry, fishing) 
• Marine transport (ships, fishing, recreational boats) 

 Predictive habitat maps can help 
• Target research/inventory 
• Prioritize limited resources 
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Species Distribution Modeling 

Native/invaded habitat               predicted habitat 
Realized niche 
• Dispersal - Transport vectors 
• Environmental tolerances 
• Adaptation – release from biotic/environmental 

constraints 
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Didemnum vexillum 

• Hard substrates  
• Anthropogenic (docks, boats, nets) 
• Rock, cobble, shell 

• Dispersal 
• Anthropogenic 
• Fragmentation 

• Potential for rapid growth 
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Species Distribution Modelling 

• Model Variables – Invaded Locations 
• Temperature 

• Average Summer and Winter SST  
• Salinity 

• Average Summer and Winter SSS 
• Substrate 

• Hard substrates/Anthropogenic substrates 

 



7 

Southeast Alaska D. Vex scenarios 

• 600 sampling stations: 
• IPHC (top 5 m CTD) 
• Nearshore Fish Atlas 
• Thermographs (16 

bays) 
• NOAA tide/current 

buoys 
• Estuaries database 

• High, moderate, and low 
scenarios 

• Whiting Harbor = High 
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Species Distribution Model  

Self Organizing Map 
• Unsupervised artificial neural network  
• Iterative process groups data  
• 2-dimensional representation of a multidimensional 

space 
• Similar sites – closer together  
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U-Matrix 

Dark areas – high similarity 
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• Little overlap between SEAK and world occurrences 
• High-Whiting Scenario ~ Maine 

 Location Summer  
° T 

Summer 
PSU 

Winter 
° T 

Winter 
PSU 

High-Whiting 12.8 32 5.0 31 
Rockport, ME 14.4 32 3.0 32 
Whiting Bay, ME 12.4 32 1.9 32 
Bremen, ME 12.8 32 2.8 32 

Chatham, MA 15.8 32 3.4 32 

SEAK - Mod 9.0 27 4.5 29 

SEAK - Low 7.0 23 3.0 27 
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Southeast Alaska 
Avg. Temperature 
Summer  10.2 °C ± 2.5 (Low 7.0 °C) 
Winter  4.1 °C ± 0.5  (Low 3.0 °C) 
22% stations < 10 °C 
 
Avg. Salinity 
Summer 29 PSU ± 2.8 (Low 23 PSU) 
Winter  31 PSU ± 2.3 (Low 27 PSU) 
33% of stations < 23 PSU 
50% of stations < 27 PSU  

 

Worldwide occurrence 
Avg.Temperature 
Summer 16.5 °C ± 3.3  (Low 12.2 °C) 
Winter  8.6 °C ± 3.7  (Low 3.4 °C) 
 
 
Avg. Salinity 
Summer  32.3 PSU ± 2.9 (Low 24 PSU) 
Winter  32.5 PSU ± 2.6 (Low 26 PSU) 
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Species Distribution Model 

• Whiting Harbor – High Scenario only group similar to 
other invaded locations  

 Are we done? 
Assumptions 
• Dispersal - Transport vectors 
• Environmental tolerances 
• Adaptation – release from biotic/environmental 

constraints 
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Didemnum vexillum – Literature 

Temperature – In situ (invaded habitats) 
• Range -2 °C to 24 °C  

• Short exposure (~ 2 weeks) at extremes 
• Colonies begin die off: 5 °C 
• Begin to grow:  8 °C to 9 °C 
• Minimum reproductive: 14 °C 
• Optimal growth: between 15 °C and 20 °C 

• Salinity – Lab experiments 
• Lower limit ~ 27 PSU 

 Map tolerances to summer SEAK temp and salinity 
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a) Salinity 
Red: > 27 PSU 
Yellow: 23-27 PSU 
Green: < 23 PSU 

 
b) Temperature 
Red: > 10 °C 
Yellow: 9 ° to 10 °C 
Green: 8 ° to 9 °C 
Blue: < 8 °C 
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Red: > 10 °C or > 27 PSU 
Yellow: 9 ° to 10 °C or 23-27 PSU 
Green: 8 ° to 9 °C or < 23 PSU 
Blue: < 8 °C 

Lowest Limiting Factor 
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D. Vexillum  growth arrested below 28 PSU (Gröner 2011) 
• SEAK salinity stations primarily mid-channel 
• Nearshore salinity may be higher/lower  

 Patchy distribution    Invasivity? 
 

Growth starts between 8 ° and 10 ° C (Valentine et al. 2007)   
• All worldwide locations had avg. summer temps 12 °C to 15 °C 
• 22% SEAK stations < 10 °C, 83% < 14 °C 
 Threshold temp required for sustained growth? 
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Species Distribution Model 

Synergistic/Agnostic effects 
• In situ/laboratory studies for temperature effects use 

ambient salinity (28 PSU or above) 
• Laboratory studies for salinity occur at temperature > 

15 °C 
 Evaluating environmental factors separately may 

overestimate potential habitat 
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Species Distribution Model  

Adaptation: 
• Phenotypic plasticity = known for tunicates 
• Marginal survival initially  
• Adapted offspring   INVASIVE 
 The situation is fluid – potentially changing 
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Conclusions 

Species distribution modeling for invasives = complex 
• Thresholds 
• Adaptation 

Embrace uncertainty – be realistic 
 

“If you must forecast, forecast often!” 
   - Paul Samuelson, economist 
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Questions 
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Green = summer temperature (°C) 
Yellow = summer salinity 
Orange = winter temperature (°C) 
White = winter salinity 
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