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Starry stonewort

Nitellopsis obtusa 
•Green alga

Three domains of living organisms 
(Gogarten, Taiz et al. 2015)



• Charophyte 
• Closely related to 

stoneworts / 
muskgrasses native to 
Minnesota 
• Ecologically important 
• Water quality 
• Habitat

McCourt et al. 
1996

Chara aspera C. contraria Nitella flexilis

Starry stonewort



Invasion history
• Relatively new invader 
•Quickly gaining ground 
• Increasing concern for AIS management
• Currently in 9 lakes in MN

2016



Present distribution

Where will it go?



Ecological niche modeling
• Species distribution models 
•Habitat suitability models 
• Bioclimatic models 
•MaxEnt
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Determining the niche
Information from the current distribution



Determining the niche
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Determining the niche
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Challenges for predicting risk
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Realized niche shift associated with 
the Eurasian charophyte Nitellopsis 
obtusa becoming invasive in North 
America
Luis E. Escobar1,2, Huijie Qiao3, Nicholas B. D. Phelps1,2, Carli K. Wagner1,4 & Daniel J. Larkin1,4

Nitellopsis obtusa (starry stonewort) is a dioecious green alga native to Europe and Asia that has 
emerged as an aquatic invasive species in North America. Nitellopsis obtusa is rare across large portions 
of its native range, but has spread rapidly in northern-tier lakes in the United States, where it can 
interfere with recreation and may displace native species. Little is known about the invasion ecology 
of N. obtusa, making it difficult to forecast future expansion. Using ecological niche modeling we 
investigated environmental variables associated with invasion risk. We used species records, climate 
data, and remotely sensed environmental variables to characterize the species’ multidimensional 
distribution. We found that N. obtusa is exploiting novel ecological niche space in its introduced range, 
which may help explain its invasiveness. While the fundamental niche of N. obtusa may be stable, 
there appears to have been a shift in its realized niche associated with invasion in North America. Large 
portions of the United States are predicted to constitute highly suitable habitat for N. obtusa. Our 
results can inform early detection and rapid response efforts targeting N. obtusa and provide testable 
estimates of the physiological tolerances of this species as a baseline for future empirical research.

Understanding how certain species experience great success outside of their native ranges, often becoming more 
ecologically dominant than their performance as native species would suggest1 is a key challenge for invasion 
biology and has important implications for assessing risk associated with potential invaders. Examples of this 
phenomenon are numerous: Common reed (Phragmites australis) has suffered diebacks in Europe2, even as 
Eurasian genotypes have expanded throughout North America3. Monterey pine (Pinus radiata) has been reduced 
to five native populations in California, United States (U.S.) and Baja California, Mexico4, while being highly 
invasive in Chile, Australia, and New Zealand5. House sparrows (Passer domesticus) are extraordinarily successful 
as an introduced species despite declining in their native range6. Several mechanisms may drive these changes 
in fortune, including escape from natural enemies, altered population genetic structure, intra- and inter specific 
hybridization, novel allelopathic weapons, and unexploited resources1,7–10

Regardless of the underlying mechanisms, the success of some invasive species is attributable to their ability 
to occupy an ecological niche in their introduced range that is broader than or distinct from the niche real-
ized in their native range11. It is true that many invasive species occupy niches very similar to those in their 
native ranges12, but for others an expanded realized niche leads to greater dominance within communities1, col-
onization of new types of habitats13, or growth under novel climatic conditions14. The gap between the realized 
niche in a species’ native range and its potential niche in a new range makes risk assessment more difficult, as 
even rare species can potentially become dominant under the right confluence of climatic, landscape, and biotic 
conditions11,15,16.

1����es��� ������� I���s��e �pe��es �ese�r�� �e��erǡ ����ers��� �� ����es���ǡ ��. ����ǡ �� ͻͻ108 ���. 2Veterinary 
��p������� �e�����eǡ ����e�e �� �e�er���r� �e�����eǡ ����ers��� �� ����es���ǡ ��. ����ǡ �� ͻͻ108 ���. 3Key 
Laboratory of Animal Ecology and Conservation Biology, Institute of Zoology, Chinese Academy of Sciences, Beijing, 
China. ͺDep�r��e�� �� 	�s�er�esǡ �������eǡ ��� ���ser������ �������ǡ ����ers��� �� ����es���ǡ ��. ����ǡ �� ͻͻ108 
USA. Correspondence and requests for materials should be addressed to L.E.E. (email: lescobar@umn.edu)

re�e��e�: 2ͺ 	e�r��r� 2016

A��ep�e�: 1ͺ 
��e 2016

P����s�e�: 01 
��� 2016

OPEN

www.nature.com/scientificreports/

6Scientific RepoRts | 6:29037 | DOI: 10.1038/srep29037

N. obtusa tolerance. For example, mean nitrate was 19.57 and 3.42 µ mol/l for the observed and predicted values, 
respectively (Table 2). Mean land surface temperatures (LST) observed in inland freshwater systems range from 

Figure 7. Geographically projected ecological niche model for Nitellopsis obtusa. Potential distribution of 
N. obtusa in coastal and inland waters in Europe (A), North America (B), and Japan (C). Shading is based on 
distance in multidimensional niche space to the niche centroid, and shows areas of relatively high (red) and low 
(yellow) environmental suitability restricted to coastal areas of 10-m water depth where the species is found. 
This figure was generated using ArcGIS 10.2 (ESRI, Redland, CA; www.esri.com).

May not be best strategy 
for aquatic species
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Estimating the niche

Uninv Inv MN WI
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Predicting suitable habitat

• Three approaches 

- Random forests 

- Boosted regression trees 

- Ecological niche factor analysis  
(presence only)



0 2000 4000 6000 8000 10000

0.
6

0.
8

1.
0

1.
2

1.
4

1:10000

re
p(

1,
 1

00
00

)

Random forest

●●●

●

●
●●

●●●●●●●●●●
●●●●●●
●
●●●●●●●
●●

●●●●
●●
●●
●●
●●
●
●
●●●●

● ●●●●●
●●●
●●●
●

●●
●●●
●●●

●
●●●●
●
●

●●
●
●

●
●●

●●

●

●●

●●

●●

●

●●

●●●

●

●
●●●

●

●
●●●
●●●

●

●●●●
●

●

●●●●
●●

●
●●

●●●

●

●●●●●●●
●●●●

●●●●●

●●●
●
●

●
●●●●

●
●

●
●●

●●

●

●
●

●●

● ●

●●

●

●

●
●●●

●●

●●

●
●

●
●

●
●
●

●

●

●

●●●
●

●
●
●

●

●
●●

●
●

●
●

●

●

●
●●●

●
●

●●

● ●
●●●●

●
●
●●●

●
●●●●●
●
●●●●

●
●●●

●●●
●●

●

●●
●
●
●●

●

●

●

●●●●●●●
●
●●●●●●●●●
●●
●
●
●
●●●
●●●●

●
●
●
●●
●

●

●

●

●
●●●●

●●
●●
●
●

●

●
●

●●● ●

●●

●

●●●
●●●

●●

●

●

●
●●

●●
●●

● ●●
●
●●●●

●●●●
●

●
●●●

●●●●●●●

●

●

●●● ●

●
●●●

●●●

●● ●

●●●
●●

●●
●

●
●●●
●●●

●●●●

●

●●●●
●●●

●● ●

●

●
●

●●
●●● ●

●●●
●● ●
●
●
●●●●●●●●●

●

●●
●
●
●
●
●

●
●●●●●●●

●●●●●
●●●●

●
●●●●●●● ●
●●●
●●●●

●●●
●
●●●●●
●●●

●●●●●●●●●●●●●

●●●●●●

●●
●
●

●

●
●●
●●● ●

●● ●●●●●●
●●●●
●●●●

●●●
●
●●●●●●●●●

●
●●●●
●●

●●●●
●●
●●

●

●

●●

●●●●●●●
●●

●●●●●
●

●

●

●

●●●

●●●●●●
●●●
●
●●●
●●●●●

●●●●●●●
●●●●●●●●●●●●●
●●●●
●●●●●●
●●●●●●●●●●●●●
●●●●●●

●
●●●
●

●●

●
●●●●

●●

●●

●

●
●

●
●
●●●●

●●●
●

●●

● ●●
●
●●●●●●
●
●●●●●●

●
●●●●●●●●
●
●●●●●
●

●●

●

●●
●
●●●●

●●●●
●●●●

● ●●●●
●●●

●
●●

●

●
●

●

●●●

●
●●

●
●

●●

●●
●●●

●●
●●

●

●●●●
●

●

●●●●
●
●●●●
●
●
●●●

●

●

●

●

●

●

●

●●●

●

●●
●

●
●

●●
●

●
●●●●●●

●●
●

●

●●
●●

●●

●●

●

●●●●

●
●
●

●●●
●
●●

●●
● ●●●●●●

●
●●●●
●●●

●

●●
●● ●

●

●
●
●

●

●●●

●●

●

●

●

●

●●
●

●●

●
●

●●

●

●● ●

●

●

●●

●

●●

●
●

●●●

●●

●●●
●

●●●●●●
●

●
●

●

●
●
●●

●●

●●●

●

●
●

●●●●●

●

●●

●
●
●
●

●

●
●

●
●

●
●
●●

●
●

●

●

●

●●
●
●

●

●
●●
●●
●

●

●

●

●

●

●
●

●

●●●●●
●

●●

●●●

●

●
●●

●
●●●●●

●●
●●●

● ●●
●
●

●
●

●

●
●
●
●

●
●●●●

●●

●

●●
●

●
●●●●
●●
●●●●

●●
●●●
●●●
●
●
●●●
●●●

●
●● ●●

●

●●

●●●
●● ● ●

●●
●●

●●●
●
●●

●
●
●●● ●●
●●

●●
●

●

●●●
●

●
●

●

●●●

●
●

●
●

●●

●

●●●●●●

●

●●

●

●

●

●●●●

●

●

●●

●
●●●
●●

●●●
●

●
●
●

●●
●

●

●

●●●● ●●
●●●●●●●●● ●
●

●● ●
●

●

●

●●●

●●●
●●

●
●

●●●●
●

●

●

●

●
●

●

●

●
●●

●
●●●

●

●●
●●●●●

●

●●●●
●●●● ●

●
●

●

●

●
●

●
●●
●●

● ●

●
●

●● ●●

●
●

●●
●
●

●
●●
●

●

●
●●
●●●●
●●

●

●
●●●●●●●

●

●

●
●●
●
●

●

●

●

●

●
●

●●

●

●

●

●

●
●

●

●

●
●

●
●

●

●
●

●

●

●●
●●

●●

●
●
● ●●●●
●
●
●
●●
●●●●●
●●
●●●
●●● ●●●●●
●●●●●●●
●●●●●●●●●●●●●●●

●●
●
●
●●

●●●●
●●

●●●●

●
●●●●●●●●●●●●

●

●
●● ●

●●●
●
●●●
●●●●

●●●●●
●●●
●●●●●●
●

●
●●●
●●●

● ●●
●●
●
●

●●
●
●

●

●●●●
●

●

●●●
●

●●

●

●
● ●●

●
●

●●●●●●●●●●●●●
●●

●
●
●
●●
●●●
●

●

●●
●

●

●
●

●●●
●●●

●●
●●● ●

●
●●●
●●

●●●

●●

●●
●

● ●●●
●
●
●
●●
●

●
●●●

●

●

●●
●

●

●
●●
●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●

●

●

●

●

●

●

●

●

● ●
●

●

●

●

●

●

●

● ●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●●

● ●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

● ●

●●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●

●

●

●

●

●

●

●

●●

●●

●
●

●
●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●
●

●

●

●

●

●

●●

●

●

●

●

●
●

●

●

●

●

●

Boosted regression tree

●●●

●

●
●●

●●●●●●●●●●
●●●●●●
●
●●●●●●●
●●

●●●●
●●
●●
●●
●●
●
●
●●●●

● ●●●●●
●●●
●●●
●

●●
●●●
●●●

●
●●●●
●
●

●●
●
●

●
●●

●●

●

●●

●●

●●

●

●●

●●●

●

●
●●●

●

●
●●●
●●●

●

●●●●
●

●

●●●●
●●

●
●●

●●●

●

●●●●●●●
●●●●

●●●●●

●●●
●
●

●
●●●●

●
●

●
●●

●●

●

●
●

●●

● ●

●●

●

●

●
●●●

●●

●●

●
●

●
●

●
●
●

●

●

●

●●●
●

●
●
●

●

●
●●

●
●

●
●

●

●

●
●●●

●
●

●●

● ●
●●●●

●
●
●●●

●
●●●●●
●
●●●●

●
●●●

●●●
●●

●

●●
●
●
●●

●

●

●

●●●●●●●
●
●●●●●●●●●
●●
●
●
●
●●●
●●●●

●
●
●
●●
●

●

●

●

●
●●●●

●●
●●
●
●

●

●
●

●●● ●

●●

●

●●●
●●●

●●

●

●

●
●●

●●
●●

● ●●
●
●●●●

●●●●
●

●
●●●

●●●●●●●

●

●

●●● ●

●
●●●

●●●

●● ●

●●●
●●

●●
●

●
●●●
●●●

●●●●

●

●●●●
●●●

●● ●

●

●
●

●●
●●● ●

●●●
●● ●
●
●
●●●●●●●●●

●

●●
●
●
●
●
●

●
●●●●●●●

●●●●●
●●●●

●
●●●●●●● ●
●●●
●●●●

●●●
●
●●●●●
●●●

●●●●●●●●●●●●●

●●●●●●

●●
●
●

●

●
●●
●●● ●

●● ●●●●●●
●●●●
●●●●

●●●
●
●●●●●●●●●

●
●●●●
●●

●●●●
●●
●●

●

●

●●

●●●●●●●
●●

●●●●●
●

●

●

●

●●●

●●●●●●
●●●
●
●●●
●●●●●

●●●●●●●
●●●●●●●●●●●●●
●●●●
●●●●●●
●●●●●●●●●●●●●
●●●●●●

●
●●●
●

●●

●
●●●●

●●

●●

●

●
●

●
●
●●●●

●●●
●

●●

● ●●
●
●●●●●●
●
●●●●●●

●
●●●●●●●●
●
●●●●●
●

●●

●

●●
●
●●●●

●●●●
●●●●

● ●●●●
●●●

●
●●

●

●
●

●

●●●

●
●●

●
●

●●

●●
●●●

●●
●●

●

●●●●
●

●

●●●●
●
●●●●
●
●
●●●

●

●

●

●

●

●

●

●●●

●

●●
●

●
●

●●
●

●
●●●●●●

●●
●

●

●●
●●

●●

●●

●

●●●●

●
●
●

●●●
●
●●

●●
● ●●●●●●

●
●●●●
●●●

●

●●
●● ●

●

●
●
●

●

●●●

●●

●

●

●

●

●●
●

●●

●
●

●●

●

●● ●

●

●

●●

●

●●

●
●

●●●

●●

●●●
●

●●●●●●
●

●
●

●

●
●
●●

●●

●●●

●

●
●

●●●●●

●

●●

●
●
●
●

●

●
●

●
●

●
●
●●

●
●

●

●

●

●●
●
●

●

●
●●
●●
●

●

●

●

●

●

●
●

●

●●●●●
●

●●

●●●

●

●
●●

●
●●●●●

●●
●●●

● ●●
●
●

●
●

●

●
●
●
●

●
●●●●

●●

●

●●
●

●
●●●●
●●
●●●●

●●
●●●
●●●
●
●
●●●
●●●

●
●● ●●

●

●●

●●●
●● ● ●

●●
●●

●●●
●
●●

●
●
●●● ●●
●●

●●
●

●

●●●
●

●
●

●

●●●

●
●

●
●

●●

●

●●●●●●

●

●●

●

●

●

●●●●

●

●

●●

●
●●●
●●

●●●
●

●
●
●

●●
●

●

●

●●●● ●●
●●●●●●●●● ●
●

●● ●
●

●

●

●●●

●●●
●●

●
●

●●●●
●

●

●

●

●
●

●

●

●
●●

●
●●●

●

●●
●●●●●

●

●●●●
●●●● ●

●
●

●

●

●
●

●
●●
●●

● ●

●
●

●● ●●

●
●

●●
●
●

●
●●
●

●

●
●●
●●●●
●●

●

●
●●●●●●●

●

●

●
●●
●
●

●

●

●

●

●
●

●●

●

●

●

●

●
●

●

●

●
●

●
●

●

●
●

●

●

●●
●●

●●

●
●
● ●●●●
●
●
●
●●
●●●●●
●●
●●●
●●● ●●●●●
●●●●●●●
●●●●●●●●●●●●●●●

●●
●
●
●●

●●●●
●●

●●●●

●
●●●●●●●●●●●●

●

●
●● ●

●●●
●
●●●
●●●●

●●●●●
●●●
●●●●●●
●

●
●●●
●●●

● ●●
●●
●
●

●●
●
●

●

●●●●
●

●

●●●
●

●●

●

●
● ●●

●
●

●●●●●●●●●●●●●
●●

●
●
●
●●
●●●
●

●

●●
●

●

●
●

●●●
●●●

●●
●●● ●

●
●●●
●●

●●●

●●

●●
●

● ●●●
●
●
●
●●
●

●
●●●

●

●

●●
●

●

●
●●
●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●

●

●

●

●

●

●

●

●

● ●
●

●

●

●

●

●

●

● ●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●●

● ●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

● ●

●●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●

●

●

●

●

●

●

●

●●

●●

●
●

●
●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●
●

●

●

●

●

●

●●

●

●

●

●

●
●

●

●

●

●

●

ENFA

●●●

●

●
●●

●●●●●●●●●●
●●●●●●
●
●●●●●●●
●●

●●●●
●●
●●
●●
●●
●
●
●●●●

● ●●●●●
●●●
●●●
●

●●
●●●
●●●

●
●●●●
●
●

●●
●
●

●
●●

●●

●

●●

●●

●●

●

●●

●●●

●

●
●●●

●

●
●●●
●●●

●

●●●●
●

●

●●●●
●●

●
●●

●●●

●

●●●●●●●
●●●●

●●●●●

●●●
●
●

●
●●●●

●
●

●
●●

●●

●

●
●

●●

● ●

●●

●

●

●
●●●

●●

●●

●
●

●
●

●
●
●

●

●

●

●●●
●

●
●
●

●

●
●●

●
●

●
●

●

●

●
●●●

●
●

●●

● ●
●●●●

●
●
●●●

●
●●●●●
●
●●●●

●
●●●

●●●
●●

●

●●
●
●
●●

●

●

●

●●●●●●●
●
●●●●●●●●●
●●
●
●
●
●●●
●●●●

●
●
●
●●
●

●

●

●

●
●●●●

●●
●●
●
●

●

●
●

●●● ●

●●

●

●●●
●●●

●●

●

●

●
●●

●●
●●

● ●●
●
●●●●

●●●●
●

●
●●●

●●●●●●●

●

●

●●● ●

●
●●●

●●●

●● ●

●●●
●●

●●
●

●
●●●
●●●

●●●●

●

●●●●
●●●

●● ●

●

●
●

●●
●●● ●

●●●
●● ●
●
●
●●●●●●●●●

●

●●
●
●
●
●
●

●
●●●●●●●

●●●●●
●●●●

●
●●●●●●● ●
●●●
●●●●

●●●
●
●●●●●
●●●

●●●●●●●●●●●●●

●●●●●●

●●
●
●

●

●
●●
●●● ●

●● ●●●●●●
●●●●
●●●●

●●●
●
●●●●●●●●●

●
●●●●
●●

●●●●
●●
●●

●

●

●●

●●●●●●●
●●

●●●●●
●

●

●

●

●●●

●●●●●●
●●●
●
●●●
●●●●●

●●●●●●●
●●●●●●●●●●●●●
●●●●
●●●●●●
●●●●●●●●●●●●●
●●●●●●

●
●●●
●

●●

●
●●●●

●●

●●

●

●
●

●
●
●●●●

●●●
●

●●

● ●●
●
●●●●●●
●
●●●●●●

●
●●●●●●●●
●
●●●●●
●

●●

●

●●
●
●●●●

●●●●
●●●●

● ●●●●
●●●

●
●●

●

●
●

●

●●●

●
●●

●
●

●●

●●
●●●

●●
●●

●

●●●●
●

●

●●●●
●
●●●●
●
●
●●●

●

●

●

●

●

●

●

●●●

●

●●
●

●
●

●●
●

●
●●●●●●

●●
●

●

●●
●●

●●

●●

●

●●●●

●
●
●

●●●
●
●●

●●
● ●●●●●●

●
●●●●
●●●

●

●●
●● ●

●

●
●
●

●

●●●

●●

●

●

●

●

●●
●

●●

●
●

●●

●

●● ●

●

●

●●

●

●●

●
●

●●●

●●

●●●
●

●●●●●●
●

●
●

●

●
●
●●

●●

●●●

●

●
●

●●●●●

●

●●

●
●
●
●

●

●
●

●
●

●
●
●●

●
●

●

●

●

●●
●
●

●

●
●●
●●
●

●

●

●

●

●

●
●

●

●●●●●
●

●●

●●●

●

●
●●

●
●●●●●

●●
●●●

● ●●
●
●

●
●

●

●
●
●
●

●
●●●●

●●

●

●●
●

●
●●●●
●●
●●●●

●●
●●●
●●●
●
●
●●●
●●●

●
●● ●●

●

●●

●●●
●● ● ●

●●
●●

●●●
●
●●

●
●
●●● ●●
●●

●●
●

●

●●●
●

●
●

●

●●●

●
●

●
●

●●

●

●●●●●●

●

●●

●

●

●

●●●●

●

●

●●

●
●●●
●●

●●●
●

●
●
●

●●
●

●

●

●●●● ●●
●●●●●●●●● ●
●

●● ●
●

●

●

●●●

●●●
●●

●
●

●●●●
●

●

●

●

●
●

●

●

●
●●

●
●●●

●

●●
●●●●●

●

●●●●
●●●● ●

●
●

●

●

●
●

●
●●
●●

● ●

●
●

●● ●●

●
●

●●
●
●

●
●●
●

●

●
●●
●●●●
●●

●

●
●●●●●●●

●

●

●
●●
●
●

●

●

●

●

●
●

●●

●

●

●

●

●
●

●

●

●
●

●
●

●

●
●

●

●

●●
●●

●●

●
●
● ●●●●
●
●
●
●●
●●●●●
●●
●●●
●●● ●●●●●
●●●●●●●
●●●●●●●●●●●●●●●

●●
●
●
●●

●●●●
●●

●●●●

●
●●●●●●●●●●●●

●

●
●● ●

●●●
●
●●●
●●●●

●●●●●
●●●
●●●●●●
●

●
●●●
●●●

● ●●
●●
●
●

●●
●
●

●

●●●●
●

●

●●●
●

●●

●

●
● ●●

●
●

●●●●●●●●●●●●●
●●

●
●
●
●●
●●●
●

●

●●
●

●

●
●

●●●
●●●

●●
●●● ●

●
●●●
●●

●●●

●●

●●
●

● ●●●
●
●
●
●●
●

●
●●●

●

●

●●
●

●

●
●●
●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●

●

●

●

●

●

●

●

●

● ●
●

●

●

●

●

●

●

● ●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●●

● ●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

● ●

●●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●

●

●

●

●

●

●

●

●●

●●

●
●

●
●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●
●

●

●

●

●

●

●●

●

●

●

●

●
●

●

●

●

●

●

Random forest

●●●

●

●
●●

●●●●●●●●●●
●●●●●●
●
●●●●●●●
●●

●●●●
●●
●●
●●
●●
●
●
●●●●

● ●●●●●
●●●
●●●
●

●●
●●●
●●●

●
●●●●
●
●

●●
●
●

●
●●

●●

●

●●

●●

●●

●

●●

●●●

●

●
●●●

●

●
●●●
●●●

●

●●●●
●

●

●●●●
●●

●
●●

●●●

●

●●●●●●●
●●●●

●●●●●

●●●
●
●

●
●●●●

●
●

●
●●

●●

●

●
●

●●

● ●

●●

●

●

●
●●●

●●

●●

●
●

●
●

●
●
●

●

●

●

●●●
●

●
●
●

●

●
●●

●
●

●
●

●

●

●
●●●

●
●

●●

● ●
●●●●

●
●
●●●

●
●●●●●
●
●●●●

●
●●●

●●●
●●

●

●●
●
●
●●

●

●

●

●●●●●●●
●
●●●●●●●●●
●●
●
●
●
●●●
●●●●

●
●
●
●●
●

●

●

●

●
●●●●

●●
●●
●
●

●

●
●

●●● ●

●●

●

●●●
●●●

●●

●

●

●
●●

●●
●●

● ●●
●
●●●●

●●●●
●

●
●●●

●●●●●●●

●

●

●●● ●

●
●●●

●●●

●● ●

●●●
●●

●●
●

●
●●●
●●●

●●●●

●

●●●●
●●●

●● ●

●

●
●

●●
●●● ●

●●●
●● ●
●
●
●●●●●●●●●

●

●●
●
●
●
●
●

●
●●●●●●●

●●●●●
●●●●

●
●●●●●●● ●
●●●
●●●●

●●●
●
●●●●●
●●●

●●●●●●●●●●●●●

●●●●●●

●●
●
●

●

●
●●
●●● ●

●● ●●●●●●
●●●●
●●●●

●●●
●
●●●●●●●●●

●
●●●●
●●

●●●●
●●
●●

●

●

●●

●●●●●●●
●●

●●●●●
●

●

●

●

●●●

●●●●●●
●●●
●
●●●
●●●●●

●●●●●●●
●●●●●●●●●●●●●
●●●●
●●●●●●
●●●●●●●●●●●●●
●●●●●●

●
●●●
●

●●

●
●●●●

●●

●●

●

●
●

●
●
●●●●

●●●
●

●●

● ●●
●
●●●●●●
●
●●●●●●

●
●●●●●●●●
●
●●●●●
●

●●

●

●●
●
●●●●

●●●●
●●●●

● ●●●●
●●●

●
●●

●

●
●

●

●●●

●
●●

●
●

●●

●●
●●●

●●
●●

●

●●●●
●

●

●●●●
●
●●●●
●
●
●●●

●

●

●

●

●

●

●

●●●

●

●●
●

●
●

●●
●

●
●●●●●●

●●
●

●

●●
●●

●●

●●

●

●●●●

●
●
●

●●●
●
●●

●●
● ●●●●●●

●
●●●●
●●●

●

●●
●● ●

●

●
●
●

●

●●●

●●

●

●

●

●

●●
●

●●

●
●

●●

●

●● ●

●

●

●●

●

●●

●
●

●●●

●●

●●●
●

●●●●●●
●

●
●

●

●
●
●●

●●

●●●

●

●
●

●●●●●

●

●●

●
●
●
●

●

●
●

●
●

●
●
●●

●
●

●

●

●

●●
●
●

●

●
●●
●●
●

●

●

●

●

●

●
●

●

●●●●●
●

●●

●●●

●

●
●●

●
●●●●●

●●
●●●

● ●●
●
●

●
●

●

●
●
●
●

●
●●●●

●●

●

●●
●

●
●●●●
●●
●●●●

●●
●●●
●●●
●
●
●●●
●●●

●
●● ●●

●

●●

●●●
●● ● ●

●●
●●

●●●
●
●●

●
●
●●● ●●
●●

●●
●

●

●●●
●

●
●

●

●●●

●
●

●
●

●●

●

●●●●●●

●

●●

●

●

●

●●●●

●

●

●●

●
●●●
●●

●●●
●

●
●
●

●●
●

●

●

●●●● ●●
●●●●●●●●● ●
●

●● ●
●

●

●

●●●

●●●
●●

●
●

●●●●
●

●

●

●

●
●

●

●

●
●●

●
●●●

●

●●
●●●●●

●

●●●●
●●●● ●

●
●

●

●

●
●

●
●●
●●

● ●

●
●

●● ●●

●
●

●●
●
●

●
●●
●

●

●
●●
●●●●
●●

●

●
●●●●●●●

●

●

●
●●
●
●

●

●

●

●

●
●

●●

●

●

●

●

●
●

●

●

●
●

●
●

●

●
●

●

●

●●
●●

●●

●
●
● ●●●●
●
●
●
●●
●●●●●
●●
●●●
●●● ●●●●●
●●●●●●●
●●●●●●●●●●●●●●●

●●
●
●
●●

●●●●
●●

●●●●

●
●●●●●●●●●●●●

●

●
●● ●

●●●
●
●●●
●●●●

●●●●●
●●●
●●●●●●
●

●
●●●
●●●

● ●●
●●
●
●

●●
●
●

●

●●●●
●

●

●●●
●

●●

●

●
● ●●

●
●

●●●●●●●●●●●●●
●●

●
●
●
●●
●●●
●

●

●●
●

●

●
●

●●●
●●●

●●
●●● ●

●
●●●
●●

●●●

●●

●●
●

● ●●●
●
●
●
●●
●

●
●●●

●

●

●●
●

●

●
●●
●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●

●

●

●

●

●

●

●

●

● ●
●

●

●

●

●

●

●

● ●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●●

● ●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

● ●

●●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●

●

●

●

●

●

●

●

●●

●●

●
●

●
●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●
●

●

●

●

●

●

●●

●

●

●

●

●
●

●

●

●

●

●

Boosted regression tree

●●●

●

●
●●

●●●●●●●●●●
●●●●●●
●
●●●●●●●
●●

●●●●
●●
●●
●●
●●
●
●
●●●●

● ●●●●●
●●●
●●●
●

●●
●●●
●●●

●
●●●●
●
●

●●
●
●

●
●●

●●

●

●●

●●

●●

●

●●

●●●

●

●
●●●

●

●
●●●
●●●

●

●●●●
●

●

●●●●
●●

●
●●

●●●

●

●●●●●●●
●●●●

●●●●●

●●●
●
●

●
●●●●

●
●

●
●●

●●

●

●
●

●●

● ●

●●

●

●

●
●●●

●●

●●

●
●

●
●

●
●
●

●

●

●

●●●
●

●
●
●

●

●
●●

●
●

●
●

●

●

●
●●●

●
●

●●

● ●
●●●●

●
●
●●●

●
●●●●●
●
●●●●

●
●●●

●●●
●●

●

●●
●
●
●●

●

●

●

●●●●●●●
●
●●●●●●●●●
●●
●
●
●
●●●
●●●●

●
●
●
●●
●

●

●

●

●
●●●●

●●
●●
●
●

●

●
●

●●● ●

●●

●

●●●
●●●

●●

●

●

●
●●

●●
●●

● ●●
●
●●●●

●●●●
●

●
●●●

●●●●●●●

●

●

●●● ●

●
●●●

●●●

●● ●

●●●
●●

●●
●

●
●●●
●●●

●●●●

●

●●●●
●●●

●● ●

●

●
●

●●
●●● ●

●●●
●● ●
●
●
●●●●●●●●●

●

●●
●
●
●
●
●

●
●●●●●●●

●●●●●
●●●●

●
●●●●●●● ●
●●●
●●●●

●●●
●
●●●●●
●●●

●●●●●●●●●●●●●

●●●●●●

●●
●
●

●

●
●●
●●● ●

●● ●●●●●●
●●●●
●●●●

●●●
●
●●●●●●●●●

●
●●●●
●●

●●●●
●●
●●

●

●

●●

●●●●●●●
●●

●●●●●
●

●

●

●

●●●

●●●●●●
●●●
●
●●●
●●●●●

●●●●●●●
●●●●●●●●●●●●●
●●●●
●●●●●●
●●●●●●●●●●●●●
●●●●●●

●
●●●
●

●●

●
●●●●

●●

●●

●

●
●

●
●
●●●●

●●●
●

●●

● ●●
●
●●●●●●
●
●●●●●●

●
●●●●●●●●
●
●●●●●
●

●●

●

●●
●
●●●●

●●●●
●●●●

● ●●●●
●●●

●
●●

●

●
●

●

●●●

●
●●

●
●

●●

●●
●●●

●●
●●

●

●●●●
●

●

●●●●
●
●●●●
●
●
●●●

●

●

●

●

●

●

●

●●●

●

●●
●

●
●

●●
●

●
●●●●●●

●●
●

●

●●
●●

●●

●●

●

●●●●

●
●
●

●●●
●
●●

●●
● ●●●●●●

●
●●●●
●●●

●

●●
●● ●

●

●
●
●

●

●●●

●●

●

●

●

●

●●
●

●●

●
●

●●

●

●● ●

●

●

●●

●

●●

●
●

●●●

●●

●●●
●

●●●●●●
●

●
●

●

●
●
●●

●●

●●●

●

●
●

●●●●●

●

●●

●
●
●
●

●

●
●

●
●

●
●
●●

●
●

●

●

●

●●
●
●

●

●
●●
●●
●

●

●

●

●

●

●
●

●

●●●●●
●

●●

●●●

●

●
●●

●
●●●●●

●●
●●●

● ●●
●
●

●
●

●

●
●
●
●

●
●●●●

●●

●

●●
●

●
●●●●
●●
●●●●

●●
●●●
●●●
●
●
●●●
●●●

●
●● ●●

●

●●

●●●
●● ● ●

●●
●●

●●●
●
●●

●
●
●●● ●●
●●

●●
●

●

●●●
●

●
●

●

●●●

●
●

●
●

●●

●

●●●●●●

●

●●

●

●

●

●●●●

●

●

●●

●
●●●
●●

●●●
●

●
●
●

●●
●

●

●

●●●● ●●
●●●●●●●●● ●
●

●● ●
●

●

●

●●●

●●●
●●

●
●

●●●●
●

●

●

●

●
●

●

●

●
●●

●
●●●

●

●●
●●●●●

●

●●●●
●●●● ●

●
●

●

●

●
●

●
●●
●●

● ●

●
●

●● ●●

●
●

●●
●
●

●
●●
●

●

●
●●
●●●●
●●

●

●
●●●●●●●

●

●

●
●●
●
●

●

●

●

●

●
●

●●

●

●

●

●

●
●

●

●

●
●

●
●

●

●
●

●

●

●●
●●

●●

●
●
● ●●●●
●
●
●
●●
●●●●●
●●
●●●
●●● ●●●●●
●●●●●●●
●●●●●●●●●●●●●●●

●●
●
●
●●

●●●●
●●

●●●●

●
●●●●●●●●●●●●

●

●
●● ●

●●●
●
●●●
●●●●

●●●●●
●●●
●●●●●●
●

●
●●●
●●●

● ●●
●●
●
●

●●
●
●

●

●●●●
●

●

●●●
●

●●

●

●
● ●●

●
●

●●●●●●●●●●●●●
●●

●
●
●
●●
●●●
●

●

●●
●

●

●
●

●●●
●●●

●●
●●● ●

●
●●●
●●

●●●

●●

●●
●

● ●●●
●
●
●
●●
●

●
●●●

●

●

●●
●

●

●
●●
●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●

●

●

●

●

●

●

●

●

● ●
●

●

●

●

●

●

●

● ●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●●

● ●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

● ●

●●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●

●

●

●

●

●

●

●

●●

●●

●
●

●
●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●
●

●

●

●

●

●

●●

●

●

●

●

●
●

●

●

●

●

●

ENFA

●●●

●

●
●●

●●●●●●●●●●
●●●●●●
●
●●●●●●●
●●

●●●●
●●
●●
●●
●●
●
●
●●●●

● ●●●●●
●●●
●●●
●

●●
●●●
●●●

●
●●●●
●
●

●●
●
●

●
●●

●●

●

●●

●●

●●

●

●●

●●●

●

●
●●●

●

●
●●●
●●●

●

●●●●
●

●

●●●●
●●

●
●●

●●●

●

●●●●●●●
●●●●

●●●●●

●●●
●
●

●
●●●●

●
●

●
●●

●●

●

●
●

●●

● ●

●●

●

●

●
●●●

●●

●●

●
●

●
●

●
●
●

●

●

●

●●●
●

●
●
●

●

●
●●

●
●

●
●

●

●

●
●●●

●
●

●●

● ●
●●●●

●
●
●●●

●
●●●●●
●
●●●●

●
●●●

●●●
●●

●

●●
●
●
●●

●

●

●

●●●●●●●
●
●●●●●●●●●
●●
●
●
●
●●●
●●●●

●
●
●
●●
●

●

●

●

●
●●●●

●●
●●
●
●

●

●
●

●●● ●

●●

●

●●●
●●●

●●

●

●

●
●●

●●
●●

● ●●
●
●●●●

●●●●
●

●
●●●

●●●●●●●

●

●

●●● ●

●
●●●

●●●

●● ●

●●●
●●

●●
●

●
●●●
●●●

●●●●

●

●●●●
●●●

●● ●

●

●
●

●●
●●● ●

●●●
●● ●
●
●
●●●●●●●●●

●

●●
●
●
●
●
●

●
●●●●●●●

●●●●●
●●●●

●
●●●●●●● ●
●●●
●●●●

●●●
●
●●●●●
●●●

●●●●●●●●●●●●●

●●●●●●

●●
●
●

●

●
●●
●●● ●

●● ●●●●●●
●●●●
●●●●

●●●
●
●●●●●●●●●

●
●●●●
●●

●●●●
●●
●●

●

●

●●

●●●●●●●
●●

●●●●●
●

●

●

●

●●●

●●●●●●
●●●
●
●●●
●●●●●

●●●●●●●
●●●●●●●●●●●●●
●●●●
●●●●●●
●●●●●●●●●●●●●
●●●●●●

●
●●●
●

●●

●
●●●●

●●

●●

●

●
●

●
●
●●●●

●●●
●

●●

● ●●
●
●●●●●●
●
●●●●●●

●
●●●●●●●●
●
●●●●●
●

●●

●

●●
●
●●●●

●●●●
●●●●

● ●●●●
●●●

●
●●

●

●
●

●

●●●

●
●●

●
●

●●

●●
●●●

●●
●●

●

●●●●
●

●

●●●●
●
●●●●
●
●
●●●

●

●

●

●

●

●

●

●●●

●

●●
●

●
●

●●
●

●
●●●●●●

●●
●

●

●●
●●

●●

●●

●

●●●●

●
●
●

●●●
●
●●

●●
● ●●●●●●

●
●●●●
●●●

●

●●
●● ●

●

●
●
●

●

●●●

●●

●

●

●

●

●●
●

●●

●
●

●●

●

●● ●

●

●

●●

●

●●

●
●

●●●

●●

●●●
●

●●●●●●
●

●
●

●

●
●
●●

●●

●●●

●

●
●

●●●●●

●

●●

●
●
●
●

●

●
●

●
●

●
●
●●

●
●

●

●

●

●●
●
●

●

●
●●
●●
●

●

●

●

●

●

●
●

●

●●●●●
●

●●

●●●

●

●
●●

●
●●●●●

●●
●●●

● ●●
●
●

●
●

●

●
●
●
●

●
●●●●

●●

●

●●
●

●
●●●●
●●
●●●●

●●
●●●
●●●
●
●
●●●
●●●

●
●● ●●

●

●●

●●●
●● ● ●

●●
●●

●●●
●
●●

●
●
●●● ●●
●●

●●
●

●

●●●
●

●
●

●

●●●

●
●

●
●

●●

●

●●●●●●

●

●●

●

●

●

●●●●

●

●

●●

●
●●●
●●

●●●
●

●
●
●

●●
●

●

●

●●●● ●●
●●●●●●●●● ●
●

●● ●
●

●

●

●●●

●●●
●●

●
●

●●●●
●

●

●

●

●
●

●

●

●
●●

●
●●●

●

●●
●●●●●

●

●●●●
●●●● ●

●
●

●

●

●
●

●
●●
●●

● ●

●
●

●● ●●

●
●

●●
●
●

●
●●
●

●

●
●●
●●●●
●●

●

●
●●●●●●●

●

●

●
●●
●
●

●

●

●

●

●
●

●●

●

●

●

●

●
●

●

●

●
●

●
●

●

●
●

●

●

●●
●●

●●

●
●
● ●●●●
●
●
●
●●
●●●●●
●●
●●●
●●● ●●●●●
●●●●●●●
●●●●●●●●●●●●●●●

●●
●
●
●●

●●●●
●●

●●●●

●
●●●●●●●●●●●●

●

●
●● ●

●●●
●
●●●
●●●●

●●●●●
●●●
●●●●●●
●

●
●●●
●●●

● ●●
●●
●
●

●●
●
●

●

●●●●
●

●

●●●
●

●●

●

●
● ●●

●
●

●●●●●●●●●●●●●
●●

●
●
●
●●
●●●
●

●

●●
●

●

●
●

●●●
●●●

●●
●●● ●

●
●●●
●●

●●●

●●

●●
●

● ●●●
●
●
●
●●
●

●
●●●

●

●

●●
●

●

●
●●
●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●

●

●

●

●

●

●

●

●

● ●
●

●

●

●

●

●

●

● ●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●●

● ●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

● ●

●●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●

●

●

●

●

●

●

●

●●

●●

●
●

●
●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●
●

●

●

●

●

●

●●

●

●

●

●

●
●

●

●

●

●

●

Predicting suitable habitat

Low risk High risk



Random forest Boosted regression tree ENFA
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Expanding what we know
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Expanding what we know
Spatial interpolation• Field sampling



Expanding what we know
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Expanding what we know

Compare prediction methods

Artificial neural 
networks

Regression trees

Connectivity

More samples



Expanding what we know
Keep looking !



Starry trek - How you can help

•Minnesota & Wisconsin 
• Statewide, coordinated 

shoreline searches 

Saturday, Aug. 5th, 2017 

Photo: Dave Hansen



Final thoughts

• “All models are wrong; some are useful” 

• Models give the impression of  precision 

• More levels of  extrapolation or 
interpolation mean more sources of  error 

• Use models for planning and prioritization



Questions?


