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摘要 

大黄鱼 (Larimichthys crocea, Richardson, 1846)是中国近海特有的主要经济

鱼类和当前最主要的海水养殖鱼类之一，也是中国八大优势出口水产品之一。目

前全国年育苗量近 20 亿尾，养殖产量超过 7 万吨，直接产值超过 30 亿元。但是，

近年来随着鱼用抗生素等药物的滥用，养殖密度的提高，水域生态环境日益恶化，

各种大黄鱼疾病频繁爆发。病害问题给大黄鱼养殖产业带来了巨大的经济损失。

因此，如何有效的防治大黄鱼疾病的爆发，对该产业可持续健康发展具有重大的

意义。 

目前大部分大黄鱼养殖户对大黄鱼疾病的认识程度不高，为提高广大大黄鱼

养殖户对大黄鱼疾病的认识水平，使其在所养殖大黄鱼得病时能够较快、较准确

的判断所患病类型，并及时采取治疗措施，本研究经过长期的调研，最终研制开

发出：大黄鱼病诊断系统。通过本系统用户可以学习大黄鱼各种疾病的基本知识

以及治疗方案，同时只需提供大黄鱼患病的身体各个部位的症状，本系统也能智

能判别对应的疾病类型，并给出其有效的治疗方案。本系统使用操作简单，用户

经过简单培训即可使用。 

疾病诊断和治疗只是在疾病爆发后的补救措施，并未能从根本上避免疾病的

爆发，而疾病的预警预报是解决该问题的潜在的有效手段。水质被认为是影响人

或动物的健康的最主要因素之一，也是影响水产养殖业可持续健康发展的关键因

素，本研究通过传统分类的多元线性方法以及人工智能分类的随机森林算法，分

析 11 个水质参数和大黄鱼最严重的刺激隐核虫病疾病等级的关系，并建立水质

对该病的预警模型。剔除影响不显著的 5 个水质因子后，分别建立了 1-6 维模型，

按维度上升其准确率从 50.5%升至 68.8%，综合考虑不同维度模型的性能，最终

建立了水温、溶解氧、化学耗氧量对该病的 3 维预警预报模型，其表达式为： 

Y1= -85.123+3.136×X1+14.414×X2-5.370×X3                                      (1) 

Y2= -90.051+3.395×X1+14.178×X2-4.430×X3                                      (2) 

Y3= -88.515+3.367×X1+13.995×X2-4.046×X3                                      (3)   
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Y4= -73.768+3.028×X1+12.876×X2-4.484×X3                                     (4) 

其中 Y1、Y2、Y3、Y4 分别为疾病等级 1、2、3、4 即未发病、少量发病、

中等程度发病、大面积发病； 

X1-X3 分别为水温 (
o
C)、溶解氧 (mg/L)、化学耗氧量 (mg/L)； 

实际应用中将上述 3 个参数数值带入上述 4 个公式分别计算，分别得出 Y1、

Y2、Y3、Y4 值，并比较大小，其中最大的值所对应的疾病等级则为本次判别预

测的疾病等级，本模型的综合预测准确率为 66.4%，预测性能较为一般。 

随机森林算法则按照参数的影响权重从高到低排列，分别建立了 2-11 维的

模型，按维度的上升，其预测准确率从 81.0%升至 90.6%，综合考虑不同维度的

性能，最终建立了水温、溶解氧、化学耗氧量的 3 维预警预报模型，其综合预测

准确率为 83.6%，预测性能较好。 

值得一提的是，两个模型所分析的对该病影响最大的 3 个水质参数均为水温、

溶解氧、化学耗氧量，进一步说明这 3 个参数对该病的影响的重要性。对比两个

模型，可发现随机森林模型的预测性能与多元线性模型的性能较大幅度的提升

(预测准确率约提高 17%)，证明了本研究所建立随机森林模型是预测大黄鱼刺激

隐核虫病的理想预测模型。但是与多元线性模型对比，随机森林模型没有可视的

数学公式，其预测需要较强的专业知识，推广性较差。为此，本研究建立了大黄

鱼刺激隐核虫病预警预报系统，将随机森林算法植入其中，用户可通过简单的培

训就可掌握。通过该系统用户可单个或批量将自己所测水质参数输入系统，系统

会自动建模，输出所预测的疾病等级，用户可通过预测结果，采取相应预防对策。

再者，随机森林是机器学习的一种方法，有较强的自我学习能力，该系统需要用

户的真实反馈所预测数据的实际值，使得系统数据库将越来越完善，最终系统将

会用更好的预测性能回馈用户。 

  

关键词：大黄鱼；疾病诊断；预警；多元线性模型；随机森林算法
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Abstract 

Large yellow croak (Larimichthys crocea, Richardson,1846), one of the major 

mariculture species in southeastern costal area of China and one of China’s top 8 

leading exports of aquatic products, has exceeded annual output of 70,000 metric tons 

with total economic value of some RMB 3.0 billion. In recent years, along with the 

abuse of antibiotics and other drugs and the increase in the number and density of 

farmed species, water quality and the ecological environment had gradually 

deteriorated, as well as frequent outbreak of diseases. Therefore, prevention and 

prediction of diseases has great significant importance to the sustainable development 

of large yellow croak farming industry. 

At present, the majority of the farmers are lacking of scientific knowledge about 

disease. In order to develop their understandings, help them with accurate diagnose 

and make timely treatment, we finally developed the “Large Yellow Croak Disease 

Diagnosis System” through research of long period of time. Users could manipulate 

the software and learn basic disease knowledge as well as understand related 

treatments by getting systematic training. By providing samples of symptom, the 

system is also able to identify the disease.  

However, disease diagnosis and treatment are just remedial measures which 

could not prevent the disease and reduce economic losses. Disease pre-warning and 

prediction becomes a potential method to solve this problem. Water quality is 

considered to be the most important factor affecting the health of aquatic animals, as 

well the sustainable key element of aquaculture industry. In this study, we introduced 

both the traditional classification method-multiple linear (ML) analysis and the 

artificial intelligence classification method-random forest (RF) algorithm to analyze 

and predict the effect between 11 water quality parameters on the most common and 

severe large yellow croak disease-marine white spot disease. In ML analysis, 5 
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insignificant parameters were wiped out, then 6 (1 to 6-dimension) disease prediction 

models were respectively built, with which the accuracy increased from 50.5% to 68.8% 

along with the increasing dimensions. After comprehensive evaluation for the 

performance of each model, we finally chose the 3-dimension model: the water 

temperature (WT), the dissolve oxygen (DO), the chemical oxygen demand (COD), as 

parameters to enhance our disease prediction system. The formulas were expresses al 

followed: 

Y1= -85.123+3.136×X1+14.414×X2-5.370×X3                                      (1) 

Y2= -90.051+3.395×X1+14.178×X2-4.430×X3                                      (2) 

Y3= -88.515+3.367×X1+13.995×X2-4.046×X3                                      (3)   

Y4= -73.768+3.028×X1+12.876×X2-4.484×X3                                      (4) 

Y1 to Y4 indicated severity rate 1 to 4, which represented healthy conditions, 

small-scale disease, medium-scale disease and large-scale disease, respectively. 

X1 to X3 represented WT (
o
C), DO (mg/L) and COD (mg/L), respectively. 

In practice, the above 3 parameter measured could be put into the 4 formula to 

calculate Y1, Y2, Y3, Y4, the maximum value among Y1 to Y4  represented the 

severity rate as predicted. The total prediction accuracy was 66.4%, which indicated a 

general performance of this model. 

In RF analysis, effect weight to the disease severity rate of each parameter was 

calculated, where the parameters was selected according to the weight (from high to 

low). We built 10 (2 to 11-dimension) models which respectively represent the 

increasing in number of dimensions, and the prediction accuracy had increased from 

81.0% to 90.6% After comprehensive evaluation for the performance of each model, 

we finally chose the 3-dimension prediction model: the WT, DO, COD to disease 

severity rate model. The total prediction accuracy was 83.6%, which showed that the 

performance of this model was in good condition. 

    To speak of, the top 3 effect weight parameters the ML and RF model analyzed 

were the same, which furthermore demonstrated the importance of these 3 parameters. 
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Comparing ML with RF model, it was found that the RF performed much better than 

the ML model (the prediction accuracy was higher up to about 17%), and concluded 

the RF model built in this study was ideal for large yellow croak white spot disease 

forecast. Whereas there is no visual mathematical formula in RF model, therefore, it 

needs intensive specialized knowledge which result in promoting difficulties in 

farmers. To this end, we combined software techniques to build a related prediction 

system into which the RF model was planted. The users could input the measured 

water quality data by a single or batch, and the system would built model itself and 

finally forecast disease severity rate. The users can take related measures in advanced 

to prevent disease occurrence by knowing the predicted result. Moreover, RF is an 

machine learning tools, which has great self-learning property. It need the users to 

feedback the real severity rates that are updated, to make improvements if the 

prediction result was sometimes in error. 

 

Key word: Large yellow croak; Disease diagnosis; Pre-warning; Multiple linear 

model; Random forest algorithm 
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