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Colonization in the Mediterranean world has long been treated as a set of interactions between es-
sentialized ethnic categories or as a process of top-down political policy. Human Behavioral Ecolo-
gy (HBE) offers an approach to human mobility and settlement focusing environmental factors 
which can shed new light on the socioeconomic development of the ancient countryside. HBE was 
initially applied to hunter-gatherer populations, but it has been recently applied to more complex 
societies (e.g. Smith and Winterhalder 1992; Winterhalder and Smith 2000; Codding and Jones 
2013), including the Classical world (Kennet and Winterhalder 2006; Jazwa and Jazwa 2017). 

Here, one HBE model, the Ideal Free Distribution (IFD), is applied to the Loukkos river valley of 
northwest Morocco (Fig. 1), in the hinterland of the primary site of Lixus. Long identified as a “Phoe-
nician” or “Roman” city, Lixus was a major city on the Atlantic coast of North Africa, occupied from 
the eighth century BCE through the fifteenth century CE (El Khayari 2004; Akerraz et al. 2009). An 
IFD model of the territory around Lixus thus serves to advance an understanding of the develop-
ment of the city within its Moroccan context, which brings together environmental and regional fac-
tors at work in the settlement of its hinterland. This IFD model uses topographical definitions of sub-
drainages as the primary unit of study, and then employs additional factors to create a ranking of  
sites. We apply the preliminary results of the 2016-2017 seasons of “Gardens of the Hesperides: 

Although developed to understand the structure of non-human organisms (Fretwell and Lucas 
1969; Sutherland 1983), the IFD has recently received increasing attention in the anthropological 
and archaeological literature for its applications to human settlement and subsistence patterns 
(e.g., Winterhalder et al. 2010. The IFD can be applied on different geographic scales.

To establish a particular IFD model, the relative suitability of different habitats is calculated using 
the spatial distribution of a chosen set of environmental resources and the cultural factors influenc-
ing their value. The IFD predicts that people will first settle the habitat with the highest basic suit-
ability. As people move into the habitat and population density increases, competition for and de-
pletion of resources cause the suitability to decrease. Eventually, suitability is depressed to the 
levels of other habitats with lower basic suitability and it is advantageous for people to expand to 
those other locations (Figure 2). This continues until people occupy all potential habitats.

Surveys were conducted by teams from INSAP and UTK in July-August 2016  
and July 2017 in the uplands of the Loukkos valley following nine N-S sampling
transects 0.5 km in width (Figs. 3, 6). Existing field boundaries serve as the li-
mits of topographic units (TUs).
  
After assessing visibility in each unit, crew members were spaced at 10 m inter-
vals and walked straight across the field. They collected all artifacts within 1 m of 
their lines, creating a systematic collection of finds contained within 20% of the 
total terrain of the TU. A grab sample, consisting of temporally diagnostic material 
that had remained uncollected, was made following the systematic pass.

Finds were inventoried, and ceramics were quantified by sherd count, weight, 
and estimated vessel equivalents in the project database. The distribution of   
functional classes of ceramics (transport amphora, storage containers, and cook- 
ware/tableware), determined probabilistically across three cultural periods,  
Mauretanian III (300-30 BCE), Mauretanian IV (30 BCE to 40 CE), and Roman 
(40-300 CE) is presented in Table 1.

- Incomplete survey of the larger Loukkos River Valley prevents further testing of the predic-
tions of the IFD at the watershed scale, as has been done frequently in other geographic 
areas (e.g., Winterhalder et al. 2010; Jazwa and Jazwa 2017). However, the majority of sites 
recorded in this region are focused near Lixus in drainages ranked in the top 10.

- Sites with the highest abundance of ceramics tend to be focused in the top two ranking 
quartiles. Prominent exceptions include TU 0076 and TU 2038.

- Two of the top three ranked sites, El Adeb and Tabernae, were targeted because they are 
the location of known prominent sites. High rankings are driven by high NPP and large water-
shed size, a proxy for water availability.

- High ranked fields tend to be the locations of recorded sites.

Figure 2 - Graphical representation of the IFD: (a) habitat suitability in three habitats as a function 
of population density. p  and p  are the populations at which habitat-specific suitabilities are equiva-
lent between habitats. (b) the same representation with Allee effects, in which suitability correlates 
positively with low population densities (Kennett et al. 2009; Winterhalder et al. 2010; Jazwa et al. 
2013; Jazwa and Jazwa 2017).

Figure 3 - Surveying during the July 2017 field season. Crew members are 
spaced at 10 meter increments walking transects across an agricultural field. 
The site of Lixus is visible on the hill in the center of the photo and the modern 
city of Larache is visible in the upper right, just past the Loukkos River.

Figure 4 - Average Net Primary Productivity (NPP) for northwestern Africa and 
southern Iberia from 2000 to 2014. Data are extracted from the Moderate Reso-
lution Imaging Spectroradiometer (MODIS) from NASA’s Terra satellite and pro-
cessed following the MOD17 Photosynthesis and NPP algorithm made available 
by Numerical Terradynamics as 1 km averages (Running 2012). Modeled water
sheds are outlined.

Table 1 - Sites investigated 
in this study, with estimated 
ceramics for each of three 
primary time periods of 
focus in this study. Ceramic 
abundances were estimated 
using a Monte Carlo esti-
mate of 10,000 iterations 
from the systematic sam-
pling strategy in the field. 
Site ranks were estimated 
as in Figure 5.

Results

Figure 6 - The fields walked as a part of this study, shaded based on their rankings within the 
IFD. They are overlaid on the transects established to bound the survey regions for this proj-
ect. Ranking is weighted by 25% slope, 30% NPP, 20% drainage size, 15% distance to Lixus, 
and 10% distance to the Loukkos River. A series of fields associated with Tabernae are not 
shown 22.2 km north-northeast of Lixus.

Table 2 - Variables consid-
ered in ranking the sites re-
corded during the  2016-2017 
survey seasons. For each, 
we present the value calcu-  
lated in ArcGIS and the z-  
scores to standardize each 
to values that can be com-
bined. Site locations are ran-
ked as in Figure 5.

This preliminary study demonstrates the potential benefits of using the IFD to better under-
stand settlement patterns in the Loukkos valley. Our initial findings suggest that we have ap-
plied appropriate variables to modeling settlement locations on each of the scales described 
in this poster. However, the IFD has not been applied on scales as small as individual sites 
or agricultural fields, providing challenges that were not present in previous archaeological 
applications. We show here that ecological models are consistent with the archaeological 
record, with sites with high ceramic abundances also ranked high in the IFD. The next 
season of survey in 2018 can profit by targeting fields with a high ranking, and the complete 
suite of survey and site distribution data can be used to test the predictions of the model and 
understand changes in settlement patterns.
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Figure 1 - The Loukkos River Valley, with modeled streams and watersheds considered in this 
study. Numbers are ranks assigned based on 20% watershed size, 40% net primary productivity, 
15% distance to Lixus, 15% distance to the Loukkos River, and 10% distance to the coast.

The Rural Archaeology of the Loukkos Valley.” 
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Figure 5 - The sites investigated as part of this study, shaded based on their quartile in the IFD. Ranking is weigh-
ted by 20% slope, 30% NPP, 20% drainage size, 15% distance to Lixus, 10% distance to the river, and 5% distance
to the coast. Three additional sites are outside the boundaries of this map. El Adeb (ranked first) is 17.7 km to the 
east-southeast of Lixus, Tabernae (ranked third) is 22.2 km north-northeast of Lixus, and Douar Dhayriya (ranked
sixth) is 7.9 km south-southeast of Lixus. Aerial Imagery is from ESRI.

Methods
Model Construction: Rankings were constructed based on six primary variables: Net Primary Productivity (Figure 
4), drainage size, average slope, distance to Lixus, distance to the Loukkos river, and distance to the coast. We 
used a 30 m (1 arcsecond) resolution Digital Elevation Model for the region for all locations above 0 m elevation. 
Ephemeral streams were modeled as points with at least 15,000 pixels flowing into them and watersheds required  
at least 25,000 pixels (Figure 1). Rankings were calculated using the primary variables for sub-drainages of the 
Loukkos valley (Figure 1), sites investigated during survey (Figure 5), and fields walked during survey (Figure 6). 

Ceramic Abundance Estimation: Identifiable and datable ceramics were classified according to one of three func-
tional classes, transport (amphorae), storage (dolia), and preparation-consumption (cookware and tableware). 
Fragments were assigned a date range (a, b) based on their artifact production. Monte Carlo methods were used 
to approximate the estimate of the frequency attested in each class per period with n = 10,000 samples of x such
that a < x < b for each sherd. The mean of Monte Carlo samples was then calculated for each period. Only data from 
the systematic sample from each TU was used for each site, with the mean divided by surface area to calculate 
sherd density as a measure of abundance, and also weighted to find the relative frequency of each functional class.
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