
American Journal of Plant Sciences, 2012, 3, 1541-1545 
http://dx.doi.org/10.4236/ajps.2012.311186 Published Online November 2012 (http://www.SciRP.org/journal/ajps) 

1541

Shoot Biomass Assessments of the Marine Phanerogam 
Zostera marina for Two Methods of Data Gathering 

Elena Solana-Arellano*, Héctor Echavarría-Heras, Victoria Díaz-Castañeda, Olga Flores-Uzeta 
 

Marine Ecology Department, Ensenada Scientific and Higher Education Center, Baja California, México. 
Email: *esolana@cicese.mx 
 
Received August 8th, 2012; revised September 16th, 2012; accepted October 10th, 2012 

ABSTRACT 

In order to compare to data gathering methods for shoot biomass assessments of Zostera marina, we compare two al- 
lometric models each one representing a data gathering method, one at leaf level and the other in aggregated form. The 

first allometric model presented leaf dry weight in terms of leaf length as .w l  The second model is expressed as a 

several-variables version of the allometric Equation (1) dry weight of each leaf in a given shoot can be considered to be 

a random variable therefore shoot biomass ws can be represented in the form 
1

.sn

s kk
w l


  Both models presented 

similar determination coefficients values of 0.85 and 0.87 respectively. We found no significant differences between 
parameters   (p = 0.11) and   (p = 0.50) fitted for each model, showing that both equations conduced to the same 

result. Moreover, both fitted models presented high Concordance Correlation Coefficients of reproducibility ( ̂ ) (0.92 

and 0.91). We concluded that for shoot weight assessments if larger samples and faster data processing is required then 
should model of Equation (2) be used. On the other hand, we proposed model of Equation (1) if data at leaf level is 
required for other endeavors.  
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1. Introduction 

Because of the valuable services that Zostera marina 
meadows provide to shallow coastal ecosystems, [1-6] 
accurate measurements of biomass or productivity of this 
eelgrass are important for the study and modeling of such 
environments. Since shoot biomass is the basic unit to 
study production in the eelgrass Z. marina, many at- 
tempts have been made to model biomass in terms of 
other shoot characteristics as leaf length and width [7,8]. 
On the other hand, shoot biomass assessments for Z. ma-
rina are reported in a variety of methodologies, some at a 
leaf level [7-11], and some in aggregated way [12,14]. 
Although aggregated data are sometimes easy and faster 
to obtain, measurements cannot be used to fit models and 
make comparisons with other data sets.  

The importance of modeling seagrasses in terms of 
other variables has been pointed out by several authors 
[7,9,11,15-17]. One of the main features of modeling is 
to calibrate non-destructive methods, that is, once the 
goodness of fit of a particular model is tested to data, the 
model can be used to predict the pertinent dependent 
variable from one or several independent variables that 

are obtained in a non-destructively way. In this paper we 
prove that we can obtain robust allometric parameters 
even if the data are collected at leaf level or an aggre- 
gated form.  

2. Materials and Methods 

2.1. Data and Related Calculations 

The data used for this study were collected from January 
to December 2001 in a Z. marina meadow in Punta 
Banda Estuary, located 23 km. south of Ensenada, Baja 
California, Mexico at 31˚43'N-46'N and 116˚N37'W- 
40'W. For a detailed description of the site see [10]. 
Since has been proven that for Zostera marina allometric 
parameters are time invariant [8,10,18] we believe that a 
hole year cycle is sufficient to compare the two methods. 
At each sampling time t, using the Kentula and McIntire 
method [19], approximately 20 shoots were marked bi-
weekly. Only complete leaves were used for the analysis. 
Since Zostera marina present a ribbon like architecture 
leaf length was measured from the tip to the ligula [see 
[20]), width was measure at halfway of the length, this 
measure of width has been proven to be the best repre-
sentative proxy of leaf width [20], dry weigh was also *Corresponding author. 
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determined using standard methodology. For this study 
only leaf length and dry weight were analyzed. Data 
were then tested at a single leaf bases and in an aggre-
gated form and results were statistically compared. We 
also calculated the Lin [21] Concorance Correlation Co-
efficient of reproducibility ( ̂ ) for predicted and ob-
served values in each fitted model. 

2.2. Formal Methods 

Some authors ([7,8,10,11,15] among others), have proven 
that leaf dry weight can be consistently represented al- 
lometrically in terms of leaf length and/or leaf width or 
area. They considered the allometric basic model   

,w l                   (1) 

were w and l represent the dry weight and length of a 
single leaf respectively and   and   are parameters 
to be fitted. That means that leaf dry weight can be rep- 
resented in terms of leaf length.  

On the other hand, when individual leaf dry weight is 
not available and dry weight data is represented in an 
aggregated form, that is, weight is obtained at a shoot 
level, we cannot fit Equation (1). Nevertheless, the dry 
weight of each leaf in a given shoot can be considered to 
be a random variable and can thus be expressed as sev- 
eral-variables version of the allometric Equation (1) 
therefore shoot biomass sw  can be represented in the 
form  

 1 2
1
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






          (2) 

where k  denotes the length of the kth leaf and ns stands 
for the number of leaves in the shoot under consideration. 
Models of Equations (1) and (2) where fitted using stan- 
dard nonlinear regression methods.  

l

3. Results 

For the whole annual cycle, we recovered 128 shoots 
with 393 complete leaves. Table 1 shows basic statistic 
for leaf length (l), dry weight (w) and shoot dry weight 

,sw  showing high variability on all of these variables.  
Equation (1) was fitted at leaf level data with a deter- 

mination coefficient of 0.85 and fitted parameters α = 
1.19 ± 0.045 and β = 0.00002 ± 0.000008. Figure 1 
shows predicted versus observed values of this fit. Sub- 
sequently the Lin [19] Concordance correlation coeffi- 
cient of reproducibility ( ̂ ) was performed between ob- 
served and predicted values for the fit of Equation (1) 
finding a value of 0.92. Similarly, for measurements of 
weights at a shoot level, the several-variable version of 
Equation (1), (Equation (2)) was fitted using nonlinear 

Table 1. basic statistics for leaf length, weight and shoot 
weight. 

 Mean Min. Max. Std. Dev.

Length 188.09 4 517 124.7 

Leaf dry weight 0.015 0.0001 0.06 0.01 

Shoot dry weight 0.046 0.005 0.39 0.03 

 

 

Figure 1. Leaf dry weight in terms of leaf length fitted by 
Equation (1). 
 
multiple regression finding a determination coefficient 

 and values for α = 1.17 ± 0.051 and β = 
0.00003 ± 0.000009. The estimation errors for both fit-
tings were 0.00003 and 0.0002 respectively.  

2 0.87R 

The corresponding plot of predicted versus observed 
values is shown in Figure 2. The Concordance correla- 
tion coefficient of reproduciblity was of ˆ 0.91  .  

Residuals shown Normality and homoscesticity, al- 
though dispersion apparently is bigger for residuals of 
the fitting of Equation (1) (see Figure 3).   

Since Equations (1) and (2) were both fitted using least 
square method parameters, they are distributed normally 
therefore we performed a t test between parameters find- 
ing no significant differences between parameters with a 
p-value of 0.11 for   and 0.50 for  . This demon- 
strates that the fitted parameters in Equations (1) and (2) 
are statistically the same with a 0.95 confidence level. 
Moreover, using the Akaike information criterion (AIC) 
[22] the AIC for Equation (1) is the minimum between 
both fits with a value of −3660 and the AIC for the fitting 
of Equation (2) the AIC = −1156.35 therefore since this 
is less than 4 times the minimum (3.1) we have consider- 
able support to consider it a good model for inference 
purposes. Moreover using parameters found in Equations 
(1) and (2) we projected mean shoot weight per month, 
Figure 4 shows the comparison with observed values.  
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Figure 2. Predicted versus observed values of the fitting of 
Equation (2) to shoot dry weight in terms lengths of leaves 
in a shoot. 
 

 
(a) 

 
(b) 

Figure 3. Distribution of residual of respective fittings (a) 
allometric Equation (1); (b) Equation (2), which is a multi-
variate version of Equation (1). 

 
(a) 

 
(b) 

Figure 4. Observed (dashed lines) and projected (continu-
ous lines) mean shoot weight per month. (a) By means of 
allometric Equation (1) this is, at a leaf level (b) Using the 
multivariate Equation (2), this is at a shoot level. 
 

Residuals showed normality and homoscesticity, al- 
though dispersion apparently is bigger for residuals of 
the fitting of Equation (1) (see Figure 3).  

4. Discussion  

Body size affects the structure and functioning at all lev- 
els of biological organization from individuals, popula- 
tions, communities and ecosystems [23]. Related to body 
size, is the allometry term used first by Huxley (1932 in 
[23]) to describe the study of the relationship between 
body size and other variables. The importance of al- 
lometric relationships to describe and predict production/ 
biomass of seagrass communities have been used by 
several authors [7-11,15]. Moreover, [24] present a com- 
plete discussion on how application of allometric laws 
prediction could benefit our understanding of estuaries 
and coastal ecology. However, for Z. marina, sampling 
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and processing sufficient data to test a robust statistical 
method, could be an extremely time consuming endeavor. 
For that reason some authors use aggregated data or data 
at a shoot level instead of data at a leaf level (non-ag- 
gregated) to test differences of some measurements in 
time and space [13]. Moreover, data gathering for eel-
grass assessments methods could be time consuming and 
destructive. For example at a leaf level, each leaf in a 
shoot should be counted, measured (length and width) 
and weighted implying a enormous time of sample proc- 
essing and for biomass (for example) a bigger error in 
weighting each leaf separately.  

On the other hand, aggregated data, could be easier to 
obtain and present less error, but could not be used in 
some models that require individual measurements, as 
Equation (1).  

We have demonstrated in this work, that for biomass 
assessments a several-variables version of the allometric 
Equation (1), Equation (2) where leaf dry weights are 
aggregated at a shoot level gives the same results as the 
assessments found for the fitting of Equation (1). We 
found that parameters fitted for both models were statis- 
tically the same with p = 0.11 for   and p = 0.50 for 

.  The determination coefficients for both fittings were 
also statistically the same (p > 0.05). Moreover Lin [19] 
Concordance Correlation Coefficient of reproducibility 
( ̂ ) attained exactly the same value for both fits (0.92), 
and The AIC shows that both models deserve considera- 
tion for statistical inference. Figure 4 shows that pro- 
jected values of mean shoot biomass per month are al- 
most identical and in a good correspondence with ob- 
served values, therefore we consider that Equations (1) 
and (2) can be used indistinctly for shoot biomass as-
sessments. Nevertheless, the fitting of Equation (1) gives 
us the advantages of a smaller estimation error, but with 
the disadvantage of bigger time consuming in data proc-
essing. Whereas in the fitting of Equation (2) processing 
data is much less time consuming but have a slight 
higher estimation error and a better disposition of residu- 
als. Moreover, since the time of processing material in 
aggregated form is much less time consuming, bigger 
samples can be taken if necessary. In any case, regardless 
of the type of data (aggregated or non-aggregated), the 
allometric relationship between leaf or shoot dry weight 
and leaf length is consistent for Zostera marina. In con- 
clusion, for shoot weight assessments, we proposed 
model of Equation (2) for large samples and faster data 
processing and model of Equation (1) if data at leaf level 
is required for other endeavors.   
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