Appendix A.  Supplementary Online Materials (SOM)

SOM METHODS
Performance measures and combination of expert judgments: the classical model 

There are two generic, quantitative measures of expert performance, calibration and information.  Calibration measures the statistical likelihood that a set of empirical observations correspond, in a statistical sense, with the expert’s assessments. Information measures the degree to which a distribution is concentrated.  

Calibration
For each variable, each expert divides the range into 4 inter-quantile intervals for which his/her probabilities are known, namely p1 = 0.05: less than or equal to the 5% value, p2 = 0.45: greater than the 5% value and less than or equal to the 50% value, etc.

If N variables are assessed, each expert may be regarded as a statistical hypothesis, namely that each realization falls in one of the four inter-quantile intervals with probability vector

p= (0.05, 0.45, 0.45, 0.05).

Suppose we have realizations x1,…xN of these quantities (that is, calibration variables). We may then form the sample distribution of the expert's inter-quantile intervals as:


s1(e) = #{ i  |  xi  ≤ 5% quantile}/N 


s2(e) = #{ i  | 5% quantile < xi ≤  50% quantile}/N


s3(e) = #{ i  | 50% quantile < xi ≤  95% quantile}/N


s4(e) = #{ i  | 95% quantile < xi }/N


s(e) = (s1,…s4).

Note that the sample distribution depends on the expert e. If the realizations are indeed drawn independently from a distribution with quantiles as stated by the expert then the quantity


2NI(s(e) | p) = 2N ∑i=1..4 s​i​ ln(si / pi) 




(1)

is asymptotically distributed as a chi-square variable with 3 degrees of freedom.  This is the so-called likelihood ratio statistic, and I(s | p) is the relative information of distribution s with respect to p. If we extract the leading term of the logarithm we obtain the familiar chi-square test statistic for goodness of fit. 

There are advantages in using the form in Eq. 1 (Cooke 1991).  For example, if after a few realizations the expert were to see that all realizations fell outside his 90% central uncertainty intervals, he might conclude that these intervals were too narrow and might broaden them on subsequent assessments. This means that for this expert the uncertainty distributions are not independent, and he learns from the realizations. Expert learning is not a goal of an expert judgment study and his joint distribution is not elicited. Rather, it is preferable that experts do not need to learn from the elicitation. Hence, the combination method scores Expert e as the statistical likelihood of the hypothesis

He: “the inter-quantile interval containing the true value for each variable is drawn independently from probability vector p.” 

A simple test for this hypothesis uses the test statistic (Eq. 1), and the likelihood, or p-value, or calibration score of this hypothesis, is:


Cal(e) =  p-value = Prob{ 2NI(s(e) | p)≥  r | He},

where r is the value of Eq. 1 based on the observed values x1,…xN. The resulting p-value is the probability under hypothesis He that a deviation at least as great as r should be observed on N realizations if He were true. 

Although the calibration score uses the language of simple hypothesis testing, it must be emphasized that we are not rejecting expert hypotheses; rather we are using this language to measure the degree to which the data supports the hypothesis that the expert's probabilities are accurate. Low scores, near zero, mean that it is unlikely that the expert’s probabilities are correct.

Information

The second scoring variable is information. Loosely, the information in a distribution is the degree to which the distribution is concentrated. Information cannot be measured absolutely, but only with respect to a background measure. Being concentrated or “spread out” is measured relative to some other distribution.

Measuring information requires associating a density with each quantile assessment of each expert. To do this, we use the unique density that complies with the experts' quantiles and is minimally informative with respect to the background measure. This density can easily be found with the method of Lagrange multipliers. For a uniform background measure, the density is constant between the assessed quantiles, and is such that the total mass between the quantiles agrees with p.  The background measure is not elicited from experts as indeed it must be the same for all experts; instead it is chosen by the analyst.

The uniform and log-uniform background measures require an intrinsic range on which these measures are concentrated. The classical model implements the so-called k% overshoot rule: for each item we consider the smallest interval I = [L, U] containing all the assessed quantiles of all experts and the realization, if known. This interval is extended to

I* = [L*, U*]; L* = L – k(U-L)/100;  U* = U + k(U-L)/100.  

The value of k is chosen by the analyst. A large value of k tends to make all experts look quite informative, and tends to suppress the relative differences in information scores.  In this study, we used a uniform background measure and selected k to be 0.1.

The information score of Expert e on assessments for uncertain quantities 1…N is Inf (e) =Average Relative information w.r.t. Background = (1/N) ∑i = 1..N I(fe,i | gi),

where gi  is the background density for variable i  and fe,i is expert e's density for item i. This is proportional to the relative information of the expert's joint distribution given the background, under the assumption that the variables are independent. As with calibration, the assumption of independence here reflects a desideratum of the combination method and not an elicited feature of the expert's joint distribution. Although techniques for dependence elicitation are well-established (Cooke and Goossens 2000), applying them here would have elevated the elicitation burden considerably.  Given the novelty of SEJ for the experts involved, we chose to leave the subject of dependence for a later study. 

The information score does not depend on the realizations. An expert can give himself a high information score by choosing his quantiles very close together.  The information score of e depends on the intrinsic range and on the assessments of the other experts. Hence, information scores cannot be compared across studies.


Of course, other measures of concentrated-ness could be contemplated. The above information score is chosen because it is familiar, tail insensitive, scale invariant, and slow.  The latter property means that relative information is a slow function; large changes in the expert assessments produce only modest changes in the information score. This contrasts with the likelihood function in the calibration score, which is a very fast function. This causes the product of calibration and information to be driven by the calibration score.


Performance-based combination (PBC)

The combined score of Expert e will serve as an (unnormalized) weight for e:

w((e) = Cal (e) ( Inf (e) ( 1((Cal(e) ( (),



(2)

where 1((Cal(e)() = 1 if Cal(e) ( (, and is zero otherwise. The combined score thus depends on  (.  If Cal(e)  falls below cut-off level ( Expert e is unweighted. The presence of a cut-off level is imposed by the requirement that the combined score be an asymptotically strictly proper scoring rule.  That is, an expert maximizes his/her long run expected score by and only by ensuring that his probabilities p= (0.05, 0.45, 0.45, 0.05) correspond to his/her true beliefs. ( is similar to a significance level in simple hypothesis testing, but its origin is indeed different. The goal of scoring is not to “reject” hypotheses, but to measure “goodness” with a strictly proper scoring rule.


A combination of expert assessments is called a “decision maker” (DM). All decision makers discussed here are examples of linear pooling. The classical model is essentially a method for deriving weights in a linear pool. “Good expertise” corresponds to good calibration (that is, high statistical likelihood, high p-value) and high information. We want weights which reward good expertise and which pass these virtues on to the decision maker.


The reward aspect of weights is very important. We could simply solve the following optimization problem: find a set of weights such that the linear pool under these weights maximizes the product of calibration and information. Solving this problem on real data, one finds that the weights do not generally reflect the performance of the individual experts. As we do not want an expert's influence on the decision maker to appear haphazard, and we do not want to encourage experts to game the system by tilting their assessments to achieve a desired outcome, we must impose a strictly proper scoring rule constraint on the weighing scheme.  


The scoring rule constraint requires the term 1α(calibration score), but does not say what value of α we should choose. Therefore, we choose α so as to maximize the combined score of the resulting decision maker. Let DMα(i) be the result of linear pooling for item i with weights proportional to (Eq. 2):

DMα(i) = ∑e=1,..E wα(e) fe,i  / ∑e=1,..E wα(e)



(3)

The optimized global weight DM is DMα* where α* maximizes


calibration score(DMa) × information score(DMα).



(4)

This weight is termed global because the information score is based on all the assessed seed items.


A variation on this scheme, which we employ here, allows a different set of weights to be used for each item. This is accomplished by using information scores for each item rather than the average information score:

wα (e,i) = 1α(calibration score)×calibration score(e) × I(fe,i | gi). 


(5)

For each α we define the Item weight DMα for item i as

IDMα(i) = ∑e=1,..E wα(e,i) fe,i  / ∑e=1,..E wα(e,i).


(6)

The optimized item weight DM is IDMα* where α* maximizes


calibration score(IDMa) × information score(IDMα).


(7)

The non-optimized versions of the global and item weight DMs are obtained simply by setting ( = 0.

We used item weights for generating PBC “decision makers” because they allow an expert to up- or down- weight him/herself for individual items according to how much (s)he feels (s)he knows about that item.  “Knowing less” means choosing quantiles further apart and lowering the information score for that item. Of course, good performance of item weights requires that experts can perform this up/down-weighting successfully.  Both item and global weights can be described as optimal weights under a strictly proper scoring rule constraint. In both global and item weights, calibration dominates over information, information serves to modulate between more or less equally well calibrated experts.  Further details on assessing expert performance and combining expert judgments can be found elsewhere (Cooke 1991).  
SOM RESULTS
Uncertainty distributions of current impacts

Describing percent changes in ecosystem services with only median estimates of impacts is a useful starting point, but by itself fails to express the experts’ uncertainty regarding these impacts.  To summarize this uncertainty, we considered whether or not each pair-wise comparison of a variable with and without ship-borne species reveals a clear shift in the distribution one way or another.  To capture this, Table 4 includes (for the ‘without-with’ distributions) percentages of each of these distributions where the net is above zero and above 100.  This metric demonstrates the general direction of changes in the distributions.  

When the additional uncertainty associated with economic parameters is combined with the uncertainty in percent impacts, the economic impact distributions become wider than the corresponding elicited distributions and as such have their mass spread more thinly, reducing confidence further in any single point estimates.  Therefore, informative descriptions can best be provided by the 90% interval of the distributions (Figure 5).  In addition, given other policy relevant costs of comparison, it is worthwhile to consider the proportion of each distribution above zero.  This method is most useful when describing changes in consumer surplus between the ‘without’ and ‘with ship-borne NIS’ states.  This provides an estimate of the probability that ship-borne species have diminished particular ecosystem services (SOM Tables 1, 2).

For estimated declines in consumer surplus for commercial fishing, only Lakes Erie, Huron, and Michigan have over 50% of their predicted distributions greater than $0.5 million.  While these results suggest that impacts on commercial fishing are likely greater than zero, they are small.  

In contrast, for sport fishing, all lakes have more than 50% of their distributions being greater than $5 million.  In addition, Lakes Erie, Huron, Michigan, and Superior all have more than 50% of their distributions above $10 million.  Lake Erie has more than 50% above $50 million.  The implications are that, within the assumptions outlined above, the experts believe there are likely impacts in the millions for sport fishing.  However the only lake that looks likely to have tens of millions in impacts is Lake Erie, which appears to have several times the magnitude of impact than any other lake.  

For each lake, the results for commercial and sport fishing are characterized by a high degree of uncertainty.  In the face of this uncertainty, aggregating across lakes helps to make inferences about some overall trends in the distributions.  At an aggregate level the distributions have obvious regions of highest relative frequency and indicate that economic losses from ship-borne species are likely greater than zero (Figure 4).  

In the commercial fishery, 90% of the distribution with ship-borne species lies between $5-29 million in consumer surplus.  Without ship-borne species, this 90% interval increases to $6-55 million.  Seventy-four percent of the difference in the two distributions (with minus without ship-borne species) lies above zero, 70% exceeds $1 million, whereas the proportion above $5 million falls to 50%, with higher values increasingly unlikely.  This distribution provides a clear indication that the experts expect an ecosystem without ship-borne species would provide higher overall fishery landings (Figure 4A).  

The uncertainty in the sport fishery is also significant, with 90% of the distribution with ship-borne species within the range of $205-2,434 million in consumer surplus.  Without ship-borne species, the distribution shifts and becomes wider, with 90% of its mass lying within a range of $232-2,833 million.  Seventy-two percent of the difference distribution (that is, without minus with ship-borne species) is positive, more than 65% is above $50 million and 50% lies above $100 million (Figure 4B).  This distribution therefore provides a strong indication that a system without ship-borne species is expected to provide a substantially greater amount of sport fishing (Figure 4B).  

The estimated distributions for raw water users were elicited directly.  That is, experts gave estimated costs of biofouling for each type of facility or, in other words, the costs of the invaded state (Table 5).  The 90% intervals provide a good description of the distributions (for example, fossil fuel facilities are predicted to have biofouling costs between $1.7-13.9 million).

Expert Rationales


The explanations experts gave for their assessments provide a sense of the mechanisms through which ship-borne NIS affect the GL.  We briefly summarize these rationales here, organized by ecosystem service, lake (where possible), and year.  In these summaries, we seek to be inclusive, mentioning the mechanisms of impact given by each expert.  Therefore, the statements about mechanisms of impact in these summaries do not necessarily represent the consensus view of the experts.  Indeed, according to the SEJ protocol we used, no effort is made to build consensus among the experts, each of whom responded to the survey independently, having no information on the responses of the other expert participants.  However, to give a sense of whether or not there was broad acknowledgement of an impact mechanism, we also indicate how many experts referred to the same mechanisms for each variable.  For some variables, not all experts provided a mechanistic rationale for their assessments, often providing an overarching rationale for each broad category of variables (for example, commercial fishing), without providing specific, individual rationales for each separate lake with respect to that variable.  Although our focus here is on the effects of ship-borne species, experts sometimes identified as important the interactions ship-borne species have with alien species delivered by vectors other than shipping (Mills and others 1993) and with various other factors, including eutrophication, nutrient abatement, pollution, land use change, and cultural change.  

Commercial Fishing

All experts thought ship-borne species are an important factor in the continuing decline of commercial fishing in the GL.  Two experts indicated that the decline of commercial fishing is also a result of sport fishing being more economically valuable and having stronger political support in the US.  Two experts said that commercial fishing is shrinking because of the relative instability in production of the GL system, causing some global markets to lose interest and shift to other sources of fish, including aquaculture.  These experts thought that some of this instability in the GL commercial fishery is attributable to the presence of ship-borne species.  

L. Superior

Seven experts said that the L. Superior commercial fishery was functioning well as of 2006, with impacts from ship-borne species being relatively small.  Lake trout are reproducing naturally and whitefish are abundant, which bodes well for the commercial fishery.  Although fish stocks are doing well in L. Superior, one expert said the market for commercial fish is currently weaker than it has been historically, leading to declining harvest levels.  
L. Michigan

Ship-borne species have had a variety of direct impacts on the food web of L. Michigan.  Four experts pointed out that zebra and quagga mussels have caused major changes.  One important effect of these mussels, specifically mentioned by two experts, is that they have reduced the food supply of whitefish, which are currently 50% lighter at age than prior to the dreissenid invasion.  The decline of the benthic crustacean Diporeia spp., an energy-rich staple of whitefish diet, is linked to the presence of dreissenids, said one expert.  According to one expert, the salmon catch is also lower than it would have been without ship-borne species; this is because dreissenids consume phytoplankton, making it unavailable to alewives; with less phytoplankton to eat, alewives grow less, resulting in less food for salmon.  One expert said the predatory spiny waterflea Bythotrephes longimanus has caused substantial reductions in energy flow to fishes by adding a link in the pelagic food web between phytoplankton and planktivorous fish.    

Experts also mentioned indirect impacts of ship-borne species on food webs.  For instance, two experts said that in L. Michigan (and L. Huron), it is almost impossible to fish with nets at certain times of year because of green algae blooms (Cladophora spp.).  These experts said these blooms occur because dreissenids concentrate phosphorus in the benthos, fertilizing the algae.  The same two experts indicated that, as filter feeders, dreissenids also increase water clarity, allowing increased light penetration and promoting algal photosynthesis.  This smothering ‘wall of green’ occasionally eliminates the gillnet fishery, occasionally reducing fishing effort by 20-30%.  


L. Huron

Three experts specifically said L. Huron fisheries are currently failing, indicating that the effects of ship-borne species on L. Huron’s commercial fishery were similar to those on that of L. Michigan (see above).  In contrast, one expert characterized the fishery as stable, but currently at a lower equilibrium point than if dreissenids had not driven down Diporeia populations.  The alewife, whose numbers are currently declining, has been an important forage fish in the food web in the past 50 years, but is itself not native to the GL.  One expert pointed out that it is difficult to say how the absence of ship-borne species would have altered the role of alewife (which did not arrive by ship) in the food web.


L. Erie

According to two experts, since the early 1980s, there has been less and less commercial fishing on L. Erie, caused by a ban on gillnetting yellow perch and legislative buyouts of many commercial licenses for conversion to sport licenses.  Compared to changes in fishery allocation, ship-borne species have not affected commercial catch, in part because high biological productivity.  According to these two experts, there is ample food for commercial fish species, despite dreissenid-induced food web alterations.  One expert said that damages from round gobies have been limited and may have even helped to improve the fishery because dreissenid mussels are food for round gobies, which in turn are eaten by piscivorous fish such as walleye (Sander vitreus).


L. Ontario

Three experts said that the impacts of ship-borne species, especially dreissenid mussels and spiny waterflea, have been immense in L. Ontario, making the commercial fishery much smaller than it would have been if these species were not present.  One expert stated that continuing declines of alewife and other forage species are probably linked to food web changes attributable to dreissenids.  According to one expert, L. Ontario has been particularly sensitive to impacts caused by ship-borne species because of the sharp contrast between nearshore and offshore habitats and their associated biological communities.  The other Great Lakes have more transitional habitat between nearshore habitats, which are now dominated by dreissenids, and offshore zones.  Such transition zones have given native species some latitude in adjusting to the presence of ship-borne species and have thus provided a buffer against impacts of ship-borne species in all the GL except L. Ontario.  The same expert said that commercial catch could have been orders of magnitude higher without ship-borne species, but other factors, including contaminants, lack of prey base for piscivores, and habitat destruction (for example, loss of gravel beds for spawning, nursery wetlands) have also impaired commercial catch.  Three experts pointed out that recent declines in commercial catch are driven by allocation decisions made by New York state, which no longer issues commercial licenses, favoring instead sport fishing licenses.  In fact, according to one expert, the current management emphasis in L. Ontario is to promote recreational fishing for Chinook, coho, and Atlantic salmon.
Sport Fishing

All experts agreed that overall, if not for ship-borne species, fishing opportunities would have been better and more people would have participated in sport fishing in 2006.  However, three experts indicated that societal changes that are not clearly linked to ship-borne species are also causing declines in participation.  For example, sport fishing participation in 2006 is probably largely driven by fuel prices, which in 2006 were nearly 50% higher than in 2001, the date of the most recent historical sport fishing participation estimates.  Moreover, two experts said that target species availability and the breadth of species available are more important drivers of sport fishing participation than fish abundance.  According to these experts, ship-borne species probably have had little effect on species availability.  Nevertheless, in lakes where the benthic community has been affected by ship-borne species (that is, all but L. Superior), four experts asserted that there would have been better angling opportunities without ship-borne species, leading to more angler participation. 


L. Superior 

The five experts who provided rationales indicated that ship-borne species have had little effect on the L. Superior sport fishery.  However, the four experts who did not provide rationales indicated high percent impacts on this fishery.  Partly because of this lack of rationale from the experts, we did not include Lake Superior in our economic calculations.


L. Michigan 

One expert said that salmon fishing in L. Michigan has been tremendous recently, but that there might have been more participants if not for angler attrition attributable to perceived damage from ship-borne species.  A different expert said that round gobies might be having an effect on the sport fishery because they may be reducing yellow perch populations.


L. Huron 

Three experts said that ship-borne species have probably played a major role in the collapse of L. Huron’s sport fishery.  The mechanism they provided in explanation is that alewife populations, the prey base for salmon, have collapsed and now salmon are following suit, with total salmon landings declining to half what they recently were.  According to these experts, alewife are collapsing because zooplankton, a key component of alewife diet, have declined dramatically recently, probably because of dreissenids’ consumption of phytoplankton. 


L. Erie

Four experts indicated that the effects of alien species in L. Erie have been minor, but also said that the whole system would have been somewhat better off without ship-borne species.  Two of these experts pointed out that the ship-borne species in L. Erie have been there for many years now and the lake still supports a solid sport fishery.  According to one expert, the phosphate ban that resulted in lower ecosystem productivity in L. Erie is a more important limitation on sport fishing opportuinities there (because of nutrient limitation) than the effects of ship-borne species.


L. Ontario
Three experts stated that without ship-borne species, participation might have been slightly higher in L. Ontario, even though fishing opportunities there have been generally good recently.  These experts said ship-borne species have destabilized the food web of L. Ontario.  Were it not for ship-borne species in the system, the food web would have been more stable, leading to better fishing opportunities and resulting in greater angler participation.
Raw water use (biofouling)

Five experts expected biofouling costs to remain similar to historical costs reported in the literature.  Three experts said that technological advances have lessened present-day costs and pointed out that historical costs often included retrofitting expenses, whereas now that anti-biofouling devices are installed, the primary costs are only for their maintenance.
Wildlife viewing

Seven experts stated that ship-borne species have had little or no impact on wildlife viewing in the eight states bordering the GL.  However, one expert said a possible mechanism for negative impacts of ship-borne species on wildlife viewing is the concentration of botulism toxins in gobies and dreissenids that may increase the mortality rates of waterfowl that consume these benthic species.  A different expert said that bird kills from botulism may not necessarily reduce the number of bird watchers.  Three experts thought that the consumption of dreissenid mussels by scaups and other waterfowl could, on the contrary, increase bird populations, leading to more bird watching opportunities.

SOM REFERENCES

Cooke, R.M., 1991. Experts in uncertainty: opinion and subjective probability in science. Oxford University Press, New York, New York.
Cooke, R.M., Goossens, L.J.H., 2000. Procedures guide for structured expert judgment. Office for Official Publications of the European Communities, Luxembourg, p. 74.
Mills, E.L., Leach, J.H., Carlton, J.T., Secor, C.L., 1993. Exotic species in the Great Lakes: a history of biotic crises and anthropogenic introductions. Journal of Great Lakes Research 19, 1-54.
SOM FIGURES

[image: image1.emf] 


a


 


b


 


0.0


 


0.5


 


1.0


 


1.5


 


2.0


 


2.5


 


3.0


 


0.0


 


0.5


 


1.0


 


1.5


 


2.0


 


2.5


 


3.0


 


c


 


0.0


 


0.5


 


1.0


 


1.5


 


2.0


 


2.5


 


3.0


 


0.0


 


0.5


 


1.0


 


1.5


 


2.0


 


2.5


 


3.0


 


d


 


e


 


f


 


0


 


2


 


4


 


6


 


8


 


10


 


12


 


14


 


0


 


2


 


4


 


6


 


8


 


10


 


12


 


14


 


g


 


0


 


2


 


4


 


6


 


8


 


10


 


12


 


14


 


0


 


2


 


4


 


6


 


8


 


10


 


12


 


14


 


h


 


i


 


j


 


0


 


2


 


4


 


6


 


8


 


0


 


2


 


4


 


6


 


8


 


k


 


0


 


2


 


4


 


6


 


8


 


0


 


2


 


4


 


6


 


8


 


l


 


m


 


n


 


0


 


2


 


4


 


6


 


8


 


10


 


12


 


14


 


0


 


2


 


4


 


6


 


8


 


10


 


12


 


14


 


o


 


0


 


2


 


4


 


6


 


8


 


10


 


12


 


14


 


0


 


2


 


4


 


6


 


8


 


10


 


12


 


14


 


p


 


q


 


r


 


0


 


2


 


4


 


6


 


8


 


10


 


0


 


2


 


4


 


6


 


8


 


10


 


s


 


0


 


2


 


4


 


6


 


8


 


10


 


0


 


2


 


4


 


6


 


8


 


10


 


t


 


Sport Fishing Effort (Millions of Angler


-


days)


 




 

a  

b  

0.0   0.5   1.0   1.5   2.0   2.5   3.0   0.0   0.5   1.0   1.5   2.0   2.5   3.0  

c  

0.0   0.5   1.0   1.5   2.0   2.5   3.0   0.0   0.5   1.0   1.5   2.0   2.5   3.0  

d  

e  

f  

0   2   4   6   8   10   12   14   0   2   4   6   8   10   12   14  

g  

0   2   4   6   8   10   12   14   0   2   4   6   8   10   12   14  

h  

i  

j  

0   2   4   6   8   0   2   4   6   8  

k  

0   2   4   6   8   0   2   4   6   8  

l  

m   n  

0   2   4   6   8   10   12   14   0   2   4   6   8   10   12   14  

o  

0   2   4   6   8   10   12   14   0   2   4   6   8   10   12   14  

p  

q  

r  

0   2   4   6   8   10   0   2   4   6   8   10  

s  

0   2   4   6   8   10   0   2   4   6   8   10  

t  

Sport Fishing Effort (Millions of Angler - days)  


SOM Figure 1.

[image: image2.emf] 


b


 


b


 


0


 


2


 


4


 


6


 


8


 


0


 


2


 


4


 


6


 


8


 


d


 


0


 


2


 


4


 


6


 


8


 


0


 


2


 


4


 


6


 


8


 


d


 


f


 


f


 


0


 


10


 


20


 


30


 


40


 


0


 


10


 


20


 


30


 


40


 


h


 


0


 


10


 


20


 


30


 


40


 


0


 


10


 


20


 


30


 


40


 


h


 


j


 


j


 


0


 


5


 


10


 


15


 


20


 


0


 


5


 


10


 


15


 


20


 


l


 


0


 


5


 


10


 


15


 


20


 


0


 


5


 


10


 


15


 


20


 


l


 


n


 


n


 


0


 


2


 


4


 


6


 


8


 


10


 


12


 


0


 


2


 


4


 


6


 


8


 


10


 


12


 


p


 


0


 


2


 


4


 


6


 


8


 


10


 


12


 


0


 


2


 


4


 


6


 


8


 


10


 


12


 


p


 


r


 


r


 


0.0


 


0.1


 


0.2


 


0.3


 


0.4


 


0.5


 


0.0


 


0.1


 


0.2


 


0.3


 


0.4


 


0.5


 


t


 


0.0


 


0.1


 


0.2


 


0.3


 


0.4


 


0.5


 


0.0


 


0.1


 


0.2


 


0.3


 


0.4


 


0.5


 


t


 


Commercially Landed Fish (Millions of 


Pounds)


 




 

b  

b  

0   2   4   6   8   0   2   4   6   8  

d  

0   2   4   6   8   0   2   4   6   8  

d  

f  

f  

0   10   20   30   40   0   10   20   30   40  

h  

0   10   20   30   40   0   10   20   30   40  

h  

j  

j  

0   5   10   15   20   0   5   10   15   20  

l  

0   5   10   15   20   0   5   10   15   20  

l  

n   n  

0   2   4   6   8   10   12   0   2   4   6   8   10   12  

p  

0   2   4   6   8   10   12   0   2   4   6   8   10   12  

p  

r  

r  

0.0   0.1   0.2   0.3   0.4   0.5   0.0   0.1   0.2   0.3   0.4   0.5  

t  

0.0   0.1   0.2   0.3   0.4   0.5   0.0   0.1   0.2   0.3   0.4   0.5  

t  

Commercially Landed Fish (Millions of  Pounds)  


SOM Figure 2.
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SOM Figure 3.

SOM FIGURE LEGENDS

SOM Figure 1.  Individual and combined expert assessments showing the impact of ship-borne species on US sport fishing effort (left column) and US commercial fish landings (right column) in 2006. There are two rows of panels for each lake with the first row showing expert assessments for the variable (that is, angler-days or pounds of commercially landed fish) with ship-borne species (that is, actual condition) and the second row showing assessments for the variable if ship-borne species had never been introduced (that is, hypothetical condition).  Dashed lines divide assessments with and without ship-borne species.  The order of the lakes is, from top to bottom, Superior (a-d), Michigan (e-h), Huron (i-l), Erie (m-p), and Ontario (q-t). Within each panel expert assessments are arranged in order, from top to bottom, Expert 1, 2, 3, 4, 5, 6, 7, 8, 9, equally-weighted combination, and performance-based combination. Vertical light gray bars in panels a, b, e, f, i, j, m, n, q, and r show the realization of the variable in question, which was unknown at the time of the elicitation.  Note that the scale of the horizontal axes varies.

SOM Figure 2.  Individual and combined expert assessments of the impact of ship-borne species on US wildlife viewing effort in 2006.  The first row shows expert assessments given the presence of ship-borne species (that is, actual condition) and the second row shows assessments for the variable if ship-borne species had never been introduced (that is, hypothetical condition).  Dashed lines divide assessments with and without ship-borne species.  Within each panel, expert assessments are arranged in order, from top to bottom, Expert 1, 2, 3, 4, 5, 6, 7, 8, 9, equally-weighted combination, and performance-based combination. The vertical light gray bar in panel a shows the actual number of wildlife viewing participant-days in 2006, which was unknown at the time of the elicitation.

SOM Figure 3.  Individual and combined expert assessments of the annual per facility impacts of ship-borne species on US raw water users in 2006.  The order of the raw water users, from top to bottom, is nuclear power plants (a), water treatment plants (c), fossil fuel power plants (e), and industrial facilities (g). Within each panel expert assessments are arranged in order, from top to bottom, Expert 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, equally-weighted combination, and performance-based combination. Note that the scale of the horizontal axis is different for each user type. 

SOM TABLE 1. Summarized Impact Distribution on Commercial Fishery Consumer Surplus

	
	Median
	90% Interval
	% Above 0

	Lake* | State
	
	Low
	High
	

	US Erie | INV
	$3,174
	$1,147
	$13,603
	

	US Erie | W/O
	$4,376
	$1,297
	$19,151
	

	US Erie | W/O-INV
	$1,131
	-$3,620
	$9,693
	68%

	US Huron | INV
	$1,983
	$211
	$10,325
	

	US Huron | W/O
	$2,984
	$190
	$20,388
	

	US Huron | W/O-INV
	$881
	-$4,723
	$15,370
	62%

	US Michigan | INV
	$4,655
	$1,262
	$21,286
	

	US Michigan | W/O
	$7,076
	$858
	$51,528
	

	US Michigan | W/O-INV
	$1,888
	-$9,136
	$39,880
	62%

	US Superior | INV
	$932
	$0
	$1,881
	

	US Superior | W/O
	$1,224
	$0
	$6,326
	

	US Superior | W/O-INV
	$227
	-$1,282
	$5,614
	59%

	US Ontario | INV
	$84
	$227
	$4,338
	

	US Ontario | W/O
	$142
	$214
	$7,680
	

	US Ontario | W/O-INV
	$27
	-$1,829
	$5,520
	57%


*In thousands of 2007 dollars
Summaries of 2006 commercial fishery consumer surplus prediction distributions.  The state of the lakes without any ship-borne nonindigenous species is indicated by W/O, as opposed to the actual invaded state of the lakes (INV).

SOM Table 2. Summarized Impact Distribution on Outdoor Recreation Consumer Surplus

	
	Median
	90% Interval
	% Above 0

	Sport Fishing Lake* | State
	
	Low
	High
	

	US Erie | INV
	$646,081
	$65,618
	$1,463,868
	

	US Erie | W/O
	$707,602
	$70,514
	$1,726,621
	

	US Erie | W/O-INV
	$61,153
	-$425,717
	$652,417
	65%

	US Huron | INV
	$80,456
	$6,196
	$266,969
	

	US Huron | W/O
	$100,809
	$7,397
	$446,042
	

	US Huron | W/O-INV
	$15,278
	-$126,076
	$302,764
	62%

	US Michigan | INV
	$357,645
	$35,171
	$903,689
	

	US Michigan | W/O
	$389,870
	$38,156
	$1,012,160
	

	US Michigan | W/O– INV
	$21,909
	-$317,350
	$436,679
	59%

	US Superior | INV
	$45,863
	$28,488
	$691,565
	

	US Superior | W/O
	$59,931
	$29,912
	$824,895
	

	US Superior | W/O – INV
	$9,636
	-$238,000
	$359,516
	66%

	US Ontario | INV
	$287,988
	$3,816
	$146,588
	

	US Ontario | W/O
	$317,423
	$5,786
	$256,437
	

	US Ontario | W/O – INV
	$24,488
	-$62,782
	$176,303
	62%

	
	
	
	
	

	Wildlife Watching Total* | State
	
	
	
	

	US Total | INV
	$6,060,815
	$604,310
	$15,110,969
	

	US Total | W/O
	$6,097,604
	$598,416
	$15,347,875
	

	US Total | W/O - INV
	$12,229
	-$5,817,892
	$6,029,607
	50%


*In thousands of 2007 dollars

Summaries of 2006 outdoor recreation consumer surplus prediction distributions.  The state of the lakes without any ship-borne nonindigenous species is indicated by W/O, as opposed to the actual invaded state of the lakes (INV).  
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