Supporting information
According to previous marine reserve research with age structure (McCallum, 1988; De Klerk & Gatto, 1981), we assume that the initial adult densities inside and outside marine reserves are  and 0, respectively, where R, k, M represent fixed recruitment of adult individuals, individual age and natural mortality, respectively. Supposing fecundity is proportional to individual biomass, then adult individual fecundity at age k is  ,where  denotes the fish biomass per individual at age k and  denotes constant coefficient. With the similar assumptions of the model in the main text (i.e., the larvae outside marine reserves all come from the dispersal of larvae inside marine reserves), the densities of larvae settling inside and outside marine reserves are  and , respectively, where  and c are the fraction of larvae settling finally inside marine reserves and the fraction of the coastline in marine reserves. As in the main text, let function f() represent the larvae survival until recruit to the adult population. Therefore, next year, the adult densities inside () and outside () reserves at the time of harvest are:


Because the fish biomass per individual at age k is , the initial adult biomass per unit area inside and outside marine reserves are  and 0, respectively, and the adult biomass per unit area inside () and outside () reserves at the time of harvest (which will be the next time step k+1 for the remained adult and time step 1 for new produced adult) are:


Therefore, the harvesting yield with rotating closures is:

where  is fishing efficiency which is a function of fishing rate F. Based on previous research (McCallum, 1988; De Klerk & Gatto, 1981), fishing efficiency is defined as:

Because the value of parameters F and M are positive, . Therefore, the value of  is positive, which will be important in predicting the sign of yield difference below. In addition, if the value of fishing rate F increases infinitely, the value of  will approximate to 1, which is consistent with the assumption of “scorched earth”. Note that the implicit assumptions in Eq. (A.6) are that fishing and natural mortality are occurring simultaneously and continuously, but there is no growth during the time period. Nevertheless, our further analytical analyses indicate that the conclusions are independent from the specific form of Eq. (A.6).
The condition at equilibrium with rotating closures should be:

Similarly, the harvesting yield with permanent marine reserves is:

And Eq. A.8 is subject to the equilibrium condition:

By analytically solving Eqs A.7 and A.9, we have:


Thus, 
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