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附件 1 

####R_code#### 

library(dplyr) #载入包 

all_density < -read.csv('density_nutrient.csv') #读入文件，本文件包含 treatment、time、nutrient、bottle 和 cells 等五列指标；treatment 包含 3 个

处理，Control、Weak 和 Strong；time 为干扰后时间；nutrient 表示营养水平，HN 和 LN；bottle 表示瓶子编号；cells 表示测得的细胞密度。 

 

####计算处理组每个实验单元相对于同一营养水平的对照组的 LRR#### 

density_LRR <- all_density %>% 

  subset(treatment == 'Control') %>% 

  group_by(time, nutrient) %>% 

  summarise(mean = mean(cells), sd = sd(cells)) %>% 

  merge(all_density, by = c('time' , 'nutrient')) %>% 

#计算 LRR，其中 LRR 为后续分析的主要指标，即处理组相对于对照组平均值的变化 

  mutate(LRR = log(cells / mean)) %>%  

  subset(treatment!= 'Control') 

 

####计算处理组每个实验单元的抵抗力、抵抗时间和反应力#### 

resistance <- 

  density_LRR %>% group_by(bottle, treatment, nutrient) %>% 

  summarise( 

    #计算抵抗力 resistance 

resistance = min(LRR), 

    #计算抵抗时间 resistance_time 

resistance_time = time[(LRR = = min(LRR))], 

#取抵抗时间以前的子集，以计算反应力 Reactivity 

    reactivity = coef(summary(lm( 

      LRR ~ time2, 

      data = data.frame(LRR = LRR[time2 < = resistance_time], 

                        time2 = time2[time2 < = resistance_time]) 

    )))[2, 1] 

  )   

 

density_after_resistance_time <- density_LRR %>% 

merge(resistance, by = c('bottle', 'treatment', 'nutrient')) %>% #删除抵抗时间以前的数据，以免影响后续分析 

  subset(time > = resistance_time)  

 

####计算处理组每个实验单元的恢复力与回复时间#### 

resilience_time <- density_after_resistance_time %>% 

  mutate(flag = ifelse(cells > (mean – sd * 2), 1, 0)) %>% #判断是否恢复到对照状态 

  group_by(bottle, treatment, nutrient) %>% 

  summarise(resilience_time = ifelse(sum(flag) = = 0, 16, min(time[flag = = 1]))) #计算恢复时间，如果群落未观察到恢复，则恢复时间记为最后

一天 

 

resilience <- density_after_resistance_time %>% 



  merge(resilience_time, by = c('bottle', 'treatment', 'nutrient')) %>% 

  subset(time < = resilience_time) %>% 

  group_by(bottle, treatment, nutrient) %>% 

  summarise( 

#计算恢复力 resilience 

resilience = coef(summary(lm(LRR ~ time)))[2, 1], 

#计算时间稳定性 temporal_stability 

            temporal_stability = 1 / sd(residuals(lm(LRR ~ time))) 

) 




