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Homework Set #4 (10 points)
1) Read the book chapter entitled “Whaling Models for Cetacean Conservation” by Mark Boyce and answer the following questions:

Define these acronyms and explain the following terms (+0.25 each):  

MSY:  The long-term yield of fish to a fishery that can be sustained indefinitely (NOAA definition). MSY is defined as the biomass (abundance) level that yields the highest recruitment (N(t+1) – N(t)).
NMP:  The “New Management Procedure”, implemented by the International Whaling Commission (IWC) in 1975, was based on the application of f fisheries model to manage whaling, by determining stock-specific harvest quotas, rather than basing the quotas on “blue whale units”.
RMP:  The “Revised Management Procedure” was implemented by IWC in 1991 to manage harvested whale populations.  The key aspect of the RMP was the inclusion of safeguards for exploited populations.
DT:  Dt = Nt / No.  The ratio of current abundance (biomass or population size, Nt) to the historical abundance (biomass or population size, No).  The historical level is usually assumed to represent virgin or unexploited biomass, and explicitly labeled with the date (baseline year).
2) List the three management criteria of the RMP (+0.25 each):

The RMP has three main goals:  
(i) Allow recovery of depleted stocks (those below 54% of K), (ii) Maintain exploited stocks at 72% of K indefinitely, and (iii) Obtain the highest possible stable yield indefinitely.
3) Calculate the depletion (DT) for the Southern Right Whale population.  Assume the current year is 1993 and use the abundance data in Table 8.1.  (+0.25)

NOTE:  DT = NT/N0

DT = 3000/100000


DT = 0.03

Explain how does the depletion parameter (DT) affect the population growth shown in equation 1 (+0.25). Hint:  Imagine you start with three different population sizes N(t), relative to virgin biomass (No), such that Nt = 100% No, Nt = 50% No, and Nt = 0% No.  For these three Nt population sizes, calculate N(t+1) as a function of No, assuming no whaling (C = 0) and a population growth rate (r = 0.07 per year).  (+0.25 each) Hint: Use DT  to replace every Nt with No in the equation, and solve for N(t+1) as a function of No.  Please show me your work to get partial credit (+1).
a) When Nt = 100% N0;  There has been no population decline (DT = 100%N0/100%N0 = 1)

Nt+1 = N0 when DT = 1
Nt+1 = Nt – Ct + rNt[1 – (Nt/N0)2]
 


         (Original Equation 1)
Nt+1 = 100%N0 – 0 + (0.07)(100%N0)[1 – (100%N0/100%N0)2]    (Assume Catch = 0)
Nt+1 = N0 + (0.07)(N0)[1 – (1)2]                                                       (100% No = No)
            Nt+1 = N0 + (0.07)(N0)[ 0 ]
                                             (Multiple terms)
            Nt+1 = N0 + 0

b) When Nt = 50% N0;  Half of population has been harvested (DT = 50%N0/100%N0 =0.5)

Nt+1 = 0.526N0 when DT = 0.5
Nt+1 = Nt – Ct + rNt[1 – (Nt/N0)2]
 


  (Original Equation 1)

Nt+1 = 50%N0 – 0 + (0.07)(50%N0)[1 – (50%N0/100%N0)2]    (Assume Catch = 0)

Nt+1 = 0.5N0 + (0.07)(0.5N0) [1 – (0.5)2]              

   (50%No/100%No = 0.5No)

            Nt+1 = 0.5N0 + (0.07)(0.5N0) [1 – 0.25]
                           (Multiple terms)

            Nt+1 = 0.5N0 + 0.035 N0 [0.75]

            Nt+1 = 0.5N0 + 0.026 N0
            Nt+1 = 0.526N0
c) When Nt = 0% N0;  All of population has been harvested (DT = 0%N0/100%N0 =0)

Nt+1 = 0 when DT = 0

Nt+1 = Nt – Ct + rNt[1 – (Nt/N0)2]
 


(Original Equation 1)

Nt+1 = 0%N0 – 0 + (0.07)(0%N0)[1 – (0%N0/100%N0)2]    
(Assume Catch = 0)

Nt+1 = 0 + (0.07)(0) [1 – (0)2]              

            (0%No /100%No = 0)

            Nt+1 = 0 + (0.07)(0) [1 – 0]
                                    (Multiple terms)

            Nt+1 = 0 + 0 - 0
            Nt+1 = 0

            Nt+1 = 0 N0
These scenarios contrast three depletion situations:  (i) When DT = 1 there is depletion of the stock, and the abundance is at carrying capacity.  At this point, the population cannot grow any further (and there are no whale catches since C = 0) and the final population will equal the initial population (Nt+1 = N0); (ii) when DT = 0.5 half of the individuals in the virgin population size have been removed.  In this case, the population grows by a factor of 1.0525 each year when there is no catch; and (iii) when DT = 0, all of the individuals have been removed from the stock, and the current population size is 0.  Therefore, without any individuals to reproduce,  there cannot be any  population growth.  Faithful application of the CLA model is one in which stock sizes are kept above 75% of the pre-exploitation levels (N0).

4) Using figure 8.1, answer these questions (+0.25 each):
i) Which management approach will yield the highest catch, when the population size is 50% of the virgin abundance (unexploited population) (circle the right answer):


MSY

RMP              NMP        All yield the same           Cannot tell from data
Explanation: At a population size of 50% virgin abundance, RMP and NMP yield no catch.  MSY is a fixed level of catch and would yield the MSY level, even if decreasing the population.
ii) Which management approach will yield the highest catch, when the population size is 100% of the virgin abundance (unexploited population) (circle the right answer):


MSY

RMP              NMP        All yield the same           Cannot tell from data

Explanation: At a population size of 100% virgin abundance, RMP would yield the highest level, above the NMP and MSY levels. 
iii) Which management approach will yield the highest catch, when the population size is 54% of the virgin abundance (unexploited population) (circle the right answer):


MSY

RMP              NMP        All yield the same           Cannot tell from data
Explanation:  At a population size of 54% virgin abundance, the catch limits for both the RMP and NMP are at 0.  The MSY approach would harvest more.
iv) Which management approach will yield the highest catch, when the population size is 60% of the virgin abundance (unexploited population) (circle the right answer):


MSY

RMP              NMP        All yield the same           Cannot tell from data

Explanation:  At a population size of 60% virgin abundance, the catch limits for NMP is above that for RMP, but the fixed MSY level is the highest.
5)  Using the data from Table 8.1, calculate the depletion for the (DT) “global” Sei and Minke Whale populations (+0.50 each).  Explain this result in light of figure 8.2, and in the context of the “competition release” hypothesis (+0.50).
Sei whale population:  DT = NT/N0 = 54000/256000 = 0.21

Interpretation: 21% of virgin population remains
Minke whale population:  DT = NT/N0= 725000/140000 = 5.18
Interpretation: population has grown by a factor of 5.18 over the virgin levels before whaling.
In figure 8.2 you can notice that the catch of Sei whales began in the mid-1920s, peaked in the 1960s (when nearly 20,000 were taken per year), and declined close to 0 in the mid 1970s. The peak in Sei whales follows those for the Blue and and Fin whales, the larger and more valuable species, suggesting that the Sei whale was the less desirable species in this fishery.

Minke whales, on the other hand, were not takenall until the beginning of the 1970s, and the catch remained between 8000-9000 whales per year up until the late 1980s, when the catch declined close to 0.  
The “competitive release” hypothesis states that the removal of the larger whale species by whaling released resources (euphausiid prey) for other smaller whales and other mammal and bird krill predators to prosper.  Thus, penguin and seal populations grew in response to whaling.  It is also likely that Minke whales benefited from the removal of the other larger whale species, and that their increased population growth rate and carrying capacity are responsible for the overall increase in their numbers, despite the mortality from whaling.  The latest implication of the competitive release hypotheses involves the inability of the large whale populations (blue / fin) to grow after the cessation of whaling, due to the competition with the numerous krill predator populations (penguins / seals / minke whales).  In other words, the ecosystem is “locked” up in a high penguin-seal-minke community, which does not allow blue-fin whales to return due to higher competition for euphausiids.

Read the paper entitled “Incorporating uncertainty into management models for marine mammals” by Barbara Taylor et al. and answer the following questions:

Define these acronyms and explain the following terms (0.25 each):  

MNLP: “Mximum net productivity level” is defined as the population size that would yield “the greatest net annual increment in population numbers or biomass resulting from additions to the population due to reproduction and/or growth less losses due to natural mortality”.   This is  the population size (in either numbers or biomass) which would yield the greatest amount of net growth (in either numbers or biomass) after subtracting natural mortality.  MNLP was defined by the National Marine Fisheries Service in 1972, and revised in 1993.  
PBR: “Potential biological removal” is defined as follows = NMIN (1/2) RMAX FR, where NMIN is the minimum population estimate, RMAX is the maximum population growth rate, and FR is the recovery factor.  PBR is part of the current approach for marine mammal management under the 1994 Amendment to the MMPA, which requires the total human-caused mortality to fall below the PBR level.  
FR: The “recovery factor” is part of the PBR, and can range between 0.1 and 1.0.  This term is used to deal with the uncertainty in the PBR calculation.  If the recovery factor is equal to 1.0, it assumes there is no bias in the data available.  Typically, this value is set equal to 0.5 for threatened or depleted stocks, and is considered to be 0.1 for endangered species.
OSP:   The “optimum sustainable population level” was defined by the National Marine Fisheries Service as the ranges of population sizes exceeding the maximum net productivity level (MNPL).  Thus, mathematically speaking, OSP can range from MNPL to K.
6) List four management objectives of Marine Mammal management in the US (+0.25 each):

 (1) maintain the fullest possible range of management options for future generations, 

(2) restore depleted species and populations of marine mammals to optimum sustainable level with no significant time delays, 

(3) reduce takes (kills) to as near zero as practicable, and

 (4) as possible, minimize hardships to commercial fisheries while achieving the previous objectives. 

7) Harbour porpoise in the Gulf of Maine have been estimated at Nmin = 48,285, and have a Rmax = 0.04 per year.  Calculate PBR for the default scenario (Fr = 0.5) (+0.25).  If the estimated mortality is 1570 porpoises per year, is this fisheries bycatch sustainable?  Justify your answer by relating the observed mortality to the calculated PBR value (+0.25).  Finally, figure out the Rmax that the population would need to reach to suffer no change in population size  (e.g., PBR = 1570) (+0.5).

    PBR = (Nmin) × (½ Rmax) × (Fr)
     Nmin = 48,285  Rmax = 0.04   Fr = 0.5
    PBR = (48,285)·(1/2)·(0.04)·(0.5) = 483

Because the estimated mortality (1570) exceeds the PBR (483), this bycatch is NOT sustainable.

 To support this annual bycatch (1570), the annual Rmax would have to be equal to:

 1570 = (48,285) * (1/2 Rmax) * (0.5)

Rmax = [1570 * 2] / [48,285 * 0.5] = 0.130
8) Define when a marine mammal population is “depleted” and “strategic” (+0.5).  Think about how these two definitions require different types of data and how they provide different perspectives on the conservation status of the species.  Which criterion is better suited to study bycatch impacts – why? (+0.25).  Which criterion is better suited for studying competition with other species (e.g., penguins / seals) – why? (+0.25)
Depleted:  A marine mammal population is “depleted” when the its abundance falls below MNPL – the maximum net productivity level.  Post the 1994 amendment, a depleted population is at – or below -  is at 30% K.  This method is based solely on the population size, accounting for the population productivity.   No mortality is allowed if the population is below MNPL, and no management actions are needed if the population level is above MNPL.  This approach requires understanding the population growth of the species, including the numbers of individuals over time and the carrying capacity.  Because this approach focused on net productivity (regardless of whether it increases or drops due to human-caused mortality, climatic variability, or competition with other predators) it is better suited for studying competition and climatic drivers of marine mammal populations
Strategic: A marine mammal population is “strategic” when the estimated fishery-caused mortality exceeds PBR.  A “take reduction team” is formed for all strategic species and annual assessments are completed to check on the progress of the mortality-mitigation measures.  The goal is to decrease human mortality below PBR within 14 months of the finalization of the first assessment.  This approach is based on the PBR formulation (and thus requires information on the population growth rate, minimum population size, and recovery factor) and needs data on human mortality sources for the population. The PBR approach is directly applied to address human mortality causes, such as bycatch in fisheries.
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